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Preface 


In the past few decades, a drastic and rapid movement of the world economy to 
globalization has intensified competition among many trading countries. As a result, 
the governments of those countries have been obliged to adopt various advantageous 
strategic trade policies and to seek the possibility of forming exclusive free 
trade areas (FTAs). Moreover, the technological developments of information and 
transportation system have enabled many commodities, previously non-tradable, to 
become tradable. Consequently, there appear many varieties of new tradable goods, 
some of which the trading countries, particularly importing countries, should pay 
attention to for sound trade. 

This book focuses on those contemporary issues of international trade which 
have been arising because of globalization and technological developments. It aims 
to examine the key characteristics of those problems and to propose how to deal 
with those problems from both the world welfare and individual country welfare 
perspectives. Each chapter in this book is based on a theoretical analysis and 
contributes to the development of modern international trade theories. The four 
editors of this book are all Japanese scholars whose research field is primarily 
international trade theory. Because of this background, the topics treated in this 
book are typically formulated in the context of the Asian economy surrounding 
Japan. However, those topics are also applicable to international trade in any other 
geographical areas since they are, to varying degrees, commonly seen all over the 
world. 

To focus on the Asian economy is significant not only because this economic 
region has been developing very rapidly but also because the economic impact 
of this region has become so powerful on the world economy. For example, the 
formation of FTAs can be seen to be quite active in the East Asian economic 
region. One of the most remarkable schemes of the FTA formation in this area is 
the Trans-Pacific Partnership Agreement (TPPA) advanced by the initiatives of US 
and Japanese governments, including 12 countries altogether in the East Asia and 
Pacific Rim regions. Once the FTA formed by this agreement has been established, 
it would have a tremendous economic impact on the world economy. Since the 
level of this agreement is said to be extremely high for free trade, it seems to 
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be difficult for China to participate in this FTA. Against this background, China 
appears to be interested in forming an FTA with Japan and Korea. Moreover, the 
Japanese government also explores the possibility of establishing a broader FTA 
including both China and India, which is called Regional Comprehensive Economic 
Partnership (RCEP). Thus, there has been a dynamic development of FTAs in the 
Asian economy. 

The formation of TPPA has taken many years to reach its final form. It originated 
from the economic partnership agreement between Singapore, New Zealand, Chile, 
and Brunei in 2006. Then, in 2010, the USA, Australia, Peru, Vietnam, and Malaysia 
participated in the TPPA development. Subsequently, Japan, Canada, and Mexico 
joined the TPPA in 2012. Thus, our interest is naturally placed on how an initially 
small FTA can become a larger FTA by adding new member countries. This is 
precisely one of the main topics in this book. The remaining topics in this book 
are strategic trade policies on intermediate goods, safe trade of food, and strategic 
behavior of trading firms, all of which are posed in the Asian economy context. 
There is a general concern for the theory of strategic trade policies throughout the 
book. We focus on this aspect of international trade since many countries adopt a 
strategic behavior approach in policy decision-making. The theory of strategic trade 
policies arose from the dispute on the trade friction between the USA and Japan in 
the 1980s. At that time, Japan was rapidly catching up to the USA economically 
through international trade with mainly the USA. The US government argued that 
the Japanese government had made full use of trade policy strategically to assist 
the Japanese exporting industries. Since then, various trade policies were captured 
as the strategic behavior of a government. For example, the US government newly 
introduced the Super 301 article as a trade policy. Afraid of the US retaliation, Japan 
adopted a voluntary export restraint in the automobile industry. These strategic 
behaviors on trade policies can be analyzed in a game theoretical framework. 

The book is organized by four parts. Part I (Chaps. 1, 2, 3, and 4) is concerned 
with the formation of FTAs. Part II consists of two chapters (Chaps.5 and 6) 
focusing on the timing of the introduction of trade policies by country governments. 
Part III contains various chapters (Chaps. 7, 8, and 9) relating to theoretical analyses 
of trade policies. Part IV (Chaps. 10 and 11) is devoted to the safe trade of food. 

Chapter | investigates the possibility of a multilateral FTA by building bilateral 
FTAs in a three-country model where the market size of each country differs with 
that of other countries. It is shown that, if the market size is similar among all three 
countries, the multilateral FTA can be realized by welcoming a new member to the 
existing bilateral FTA. It is also shown that, in the case of overlapping formation of 
bilateral FTAs, starting from the bilateral FTA between the countries with the same 
size market, it is possible to attain a multilateral FTA in general if the remaining 
country has the market of a larger size than those of the other two countries. 
Chapter 2 focuses how the competition mode of firms affects the formation of FTAs 
in a similar framework to that employed in Chap. 1. The analysis reveals that the 
Cournot type of competition makes it easier to form the multilateral FTA rather 
than the Stackelberg competition. 
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A relevant topic in this part is the sustainability of FTAs after their formation. 
Chapter 3 considers this problem. Using the repeated game theory, this chapter 
examines whether the revenue-maximizing tariff regime or the welfare-maximizing 
tariff regime is more sustainable for an existing FTA. The result derived suggests 
that the former regime is more sustainable than the latter regime for a multilateral 
FTA but both tariff regimes are equally sustainable in the case of a bilateral 
FTA. Another interesting topic of this part is how the formation of an FTA 
influences the introduction of a new technology by firms though R&D activities. 
This is analyzed in Chap. 4. Using a three-country model of Brander and Spencer 
type, the analysis demonstrates that the formation of an FTA strengthens the 
incentive of member country firms to undertake R&D activities while it discourages 
the other country firms’ R&D activities. It is also shown that the FTA may 
encourage or discourage the firms of the importing country to introduce a new 
technology. 

To justify the introduction of a trade policy, the introducing government often 
claims that it is a response to existing trade policies adopted by competing country 
governments. Thus, one obvious problem is which country decides to be the first 
to introduce a trade policy. Chapter 5 examines this problem in the case of three 
countries, while Chap.6 deals with it using a two-country model. There is a 
sharp contrast on the results obtained between these chapters. In the three-country 
model of Chap. 5, it is shown that, between two competing exporting countries, the 
government of the country where the smaller number of firms exists moves first 
and executes a subsidy policy to its domestic firms, whereas the government of the 
other country moves second and imposes an export tax on its domestic firms. In the 
two-country model of Chap. 6, the derived result is that, if the number of firms of 
the exporting country exceeds that of the importing country by more than three, the 
government of the exporting country moves first and imposes an export tax on its 
firms, while the government of the importing country moves second and imposes an 
import tariff on the foreign firms. 

Chapter 7 deals with the long-run effect of the government trade intervention. 
The main result obtained is that, even with trade intervention by the government, 
the same circumstances as those of free trade could still be created in the long run 
where free entry of firms is allowed into the market. 

In Chap. 8, the welfare-maximizing tariff regime and the revenue-maximizing 
tariff regime are compared and contrasted in terms of tariff level, output, and welfare 
of a country. It is shown in the chapter that, in more general circumstances than those 
in existing studies, the difference in the tariff levels between two regimes shrinks 
according to an increase in the marginal cost difference between home and foreign 
firms. 

The topic of Chap. 9 is on how the levels of import tariff are affected by the cost 
asymmetries in final good production and the cost difference in intermediate good 
production between home and foreign firms in a two-country model with vertically 
related industries and markets. It is demonstrated that the country with higher final 
good production cost relative to the intermediate good production cost may levy an 
import tariff whose ratio to an import tariff on the intermediate good is lower. 
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In Part IV, our attention is centered to the trade of a very special good, that 
is, food, whose trade requires great care since it is fundamentally concerned with 
consumers’ health and it is quite difficult to fully detect harmful food in the imported 
food. Chapter 10 considers the strategic tariff policy adopted by a food-importing 
country in order to protect the national consumers from taking the unhealthy food 
in the case where foreign firms strategically mix such food to cut down their 
production costs. The main conclusion is that, for any given inspection expense, 
the optimal tariff level is simply the one to just cover the expense by the tariff 
revenue. 

Chapter 11 analyzes how international competition of food supply deteriorates 
food safety. This is discussed in relation to economic growth as well as population 
growth. The analysis asserts that a food price hike appears by economic growth, 
population growth of certain types, and the deterioration in the food quality of the 
South-type countries. 

Because of the dynamic and rapid movement of Asian economy where Japan 
and China are located, there are many attractive trade topics to tackle. One of 
the most interesting and significant themes is trade of infrastructures which is 
growing tremendously. Most Asian countries with a rapid economic growth lack 
hard infrastructures such as transportation, irrigation, electricity, etc. as well as 
soft infrastructures like law system, efficient market mechanism, education system, 
etc. China, France, Germany, Japan, and the USA are straggling with each other 
to export public infrastructures to Asia. Though we do not include any study 
of this broad field in this book, this should be explored intensively in the near 
future. 

All chapters except Chaps.5, 6, and 11 are almost newly written for this book. 
Initially Takao Ohkawa, Makoto Okamura, Ryoichi Nomura, and Makoto Tawada 
planned the publication of this book in the course of their joint work on theoretical 
analyses of trade policies focusing on the policy timing and formation of FTAs. 
Then Masayuki Hayashibara, Yasushi Kawabata, and Madoka Okimoto kindly 
joined their plan by adding their papers to the book. We greatly appreciated their 
cooperation. We also thank Yordying Supasri who agreed to use his joint paper for 
Chap. 6. Chapters 5, 6, and 11 are, respectively, based on the paper, “Endogenous 
timing and welfare in the game of trade policies under international oligopoly,” 
written by Takao Ohkawa, Makoto Okamura, and Maokto Tawada and published 
in Alan D. Woodward (ed.), Economic Theory and International Trade: Essays in 
Honour of Murray C. Kemp, Chap. 14, Cheltenham, UK and Northampton, MA, 
USA: Edward Elgar Publishing; “Endogenous timing in a strategic trade policy 
game: a two-country oligopoly model with multiple firms,’ written by Yordying 
Supasri and Makoto Tawada and published in Review of International Economics, 
vol. 11, pp. 275-290, 2007; and the paper,““International price competition among 
food industries: the role of income, population and biased consumer preference,” 
written by Madoka Okimoto and published in Economic Modelling, vol. 47, 
pp. 327-339, 2015. We deeply acknowledge the publishers Edward Elgar, John 
Wiley & Sons, and Elsevier for permitting us to use/reuse these materials for 
Chaps. 5, 6, and 11, respectively. Finally, we are very grateful to Professor Binh 
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Tran-Nam of the University of New South Wales for some constructive comments to 
our manuscript and Mr. Yutaka Hirachi of Springer Japan for his efficient assistance 
to our editorial work. 
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Part I 
The Formation of Free Trade Agreements 


Chapter 1 

Expansion of Free Trade Agreements, 
Overlapping Free Trade Agreements, 
and Market Size 


Ryoichi Nomura, Takao Ohkawa, Makoto Okamura, and Makoto Tawada 


Abstract This chapter investigates whether the formation of bilateral overlapping 
free trade agreements (FTAs) between dissimilar countries becomes a building 
block or a stumbling block for multilateral free trade (MFT). Our main conclusions 
are as follows. Suppose that a bilateral FTA between symmetric countries is 
already formed. (1) A bilateral FTA becomes a stumbling block for MFT through 
overlapping FTAs, while it acts as a building block for MFT through expansion of 
FTAs when market sizes of member and nonmember countries are quite similar. 
(11) When the market size of a nonmember country is smaller than that of member 
countries, then overlapping FTAs lead to MFT, while FTA expansion may or may 
not. (111) If the nonmember country of the original FTA is large, then expansion of the 
FTA may not achieve MFT, while overlapping FTAs cannot. (iv) When the market 
size of the nonmember country is quite large compared with member countries, 
MFT never arises through overlapping FTAs, FTA expansion, or negotiation of a 
multilateral trade agreement. 


Keywords Expansion of FTA ¢ Overlapping FTA ¢ Hub and spoke • Building 
block * Stumbling block 
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1.1 Introduction 


In recent decades, many countries and regions have attempted to form regional 
trade agreements (RTAs). According to WTO (2015), as of 7 April 2015, there 
were 406 RTAs notified to GATT/WTO. The number of RTAs has been growing 
rapidly since the early 1990s.! We observe three noteworthy features of recent 
RTAs: (4) a majority of the recently established RTAs are bilateral agreements; (11) 
most of the recent RTAs are free trade agreements (FTAs); and (111) FTAs between 
dissimilar countries have increased, whereas in the past, most FTAs were formed 
between similar countries. According to Fiorentino et al. (2009), as of December 
2007, bilateral agreements account for 76% of all RTAs that are notified and in 
force and 93 % of those that are signed and under negotiation.” FTAs account for 
82 % of all RTAs that are notified and in force and 93 % of those that are signed and 
under negotiation. The major clusters of RTAs are north-south RTAs, accounting for 
37 % of all RTAs notified and in force, and 56 % of those that are signed and under 
negotiation. A majority of overlapping FTAs are bilateral FTAs between dissimilar 
countries, while FTAs between developed countries were generally formed earlier. 

These observed features of recent RTAs raise questions regarding whether the 
formation of a bilateral FTA between dissimilar countries with an existing FTA 
between similar countries becomes, as Bhagwati (1993) claimed, “a building block” 
or “a stumbling block” for multilateral free trade (MFT) and how asymmetry in 
market size affects the feasibility of FTAs and the realization of MFT through 
bilateral FTAs. However, to our knowledge, this issue has received little attention 
because the above features of RTAs are the latest trends in the global arena. 
Therefore, taking the recent features of RTAs into account, we investigate how the 
difference in market size among countries affects the feasibility of MFT. In this 
chapter, we use the expression “building block” to indicate that the formation of 
a bilateral FTA eventually leads to MFT, while “stumbling block” implies that it 
hampers the establishment of MFT. 


'These numbers include notifications made under GATT Article XXIV, GATS Article V, and the 
Enabling Clause. Further details are available at the WTO web page at http://www.wto.org/english/ 
tratope/regione/regione.htm. 


*We should note that in Fiorentino et al. (2009), bilateral agreements may include more than two 
countries when one of them is an RTA. 


>Baldwin (2006) pointed out that the multilateralization of existing and emerging regionalism is 
required in order to achieve global free trade under circumstances in which regionalism is perma- 
nent and unlikely to change; further, he considered the role of the WTO in the multilateralization 
of regionalism. 
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Previous studies have examined some aspects of RTAs.* One strand conducts 
static analysis of RTAs and investigates the endogenous formation of bilateral FTAs 
(e.g., Freund, 2000; Endoh, 2006). In these studies, it has not been determined 
whether a bilateral FTA leads to MFT. The other strand conducts a dynamic 
time-pass analysis, so called by Bhagwati (2008), which relates to this chapter. This 
strand considers whether the formation of RTAs serves as a building block or a 
stumbling block for MFT (e.g., Krishna, 1998; Yi, 1996, 2000; Ornelas, 2005a,b; 
Aghion et al., 2007). These analyses assume that all countries are symmetric in most 
cases.” These assumptions do not necessarily match the features of recent RTAs; that 
is, dissimilarity among countries is frequently observed. 

Moreover, we should note that, in these analyses, RTA expansion tends to be 
considered to occur only through expansion in the membership of existing RTAs and 
not through the creation of new RTAs. As Mukunoki and Tachi (2006) investigated, 
another way of expanding RTAs exists through the formation of overlapping FTAs.° 
When one of the member countries of the existing FTA forms another FTA with a 
nonmember country, then a hub-and-spoke system develops.’ Mukunoki and Tachi 
(2006) assumed that countries are symmetric and showed that even if an expansion 
of bilateral FTAs through new memberships cannot achieve MFT, the formation of 
overlapping FTAs can generate free trade. Nomura et al. (2013) introduced market 
asymmetry into the similar three-country model and showed that formation of a 
bilateral FTA acts as a building block for MFT through overlapping FTAs only when 
the initial FTA is formed between two larger countries, and the bilateral FTA cannot 
be expanded by the addition of a new member.’ We should note that Nomura et al. 
(2013) assumed that all countries are different with respect to market size. 

As mentioned above, while FTAs between similar countries were generally 
formed earlier, FTAs between dissimilar countries have proliferated recently, and 
these FTAs often overlap. To take these features of recent RTAs into account, we 
confirm the condition of forming a bilateral FTA and then investigate whether 
an overlapping FTA and FTA expansion lead to MFT in the presence of the 


+See Bhagwati (1993) and Panagariya (2000) for a survey. 


>Ornelas (2005b) partly introduced market asymmetry. Krishna (1998) also considers the asym- 
metry of market size. 


6We should note that overlapping agreements can be formed only when the existing RTA is an 
FTA. If an existing PTA is a CU, then each member country cannot negotiate individually with 
nonmember countries. 


"For example, Chile is attaining the position of a hub country, creating or negotiating FTAs with 
New Zealand, Brunei, Singapore, China, India, Japan, and other countries. Singapore and Thailand 
have also become active in the formation of bilateral FTAs in recent years. 

SMukunoki and Tachi (2006) assumed that the tariff level is exogenous and the external tariff 
remains at the same level after any FTA is formed. 

’Saggi and Yildiz (2010) considered similar issues in a different model (i.e., competing exporters’ 
model) and showed that when countries have asymmetric endowments, global free trade can be a 
stable equilibrium only when countries can form bilateral agreements. 
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original FTA between similar countries, introducing asymmetric market size and 
endogenous external tariffs. !° 

Our model is related to that of Saggi (2006), who considered whether RTAs 
are building or stumbling blocks for multilateral tariff cooperation in an infinitely 
repeated game with three countries. However, there are important differences 
between our model and that of Saggi (2006). Saggi (2006) investigated the effects of 
RTAs on the degree of multilateral tariff cooperation. In contrast to our model, Saggi 
(2006) did not consider the effects of both expanding and overlapping RTAs. In 
addition, he assumed that a single RTA is exogenously given, whereas we investigate 
the endogenous formation of FTAs and examine whether this formation acts as a 
building or a stumbling block for MFT. 

Our main conclusions are as follows: Suppose that a bilateral FTA between 
symmetric countries is already formed. (1) A bilateral FTA becomes a stumbling 
block for MFT through overlapping regimes, while it acts as a building block for 
MFT through an expanding regime when market sizes of member and nonmember 
countries are quite similar. (41) When the market size of nonmember country is 
smaller than that of member countries, then overlapping regimes lead to MFT, 
while expanding regimes may or may not. (111) If the nonmember country of the 
original FTA is large, then the expanding regime may not achieve MFT, while the 
overlapping regime cannot. (iv) When the market size of the nonmember country 
is quite large as compared with member countries, MFT never arises through 
overlapping regimes, expanding regimes, or negotiation of a multilateral trade 
agreement (MTA). 

The rest of this chapter is organized as follows. Section 1.2 develops the model. 
Section 1.3 shows the preliminary results. The feasibility of overlapping FTAs as 
well as FTA expansion are considered in Sect. 1.4. Section 1.5 investigates whether 
overlapping FTAs and FTA expansion lead to MFT. Section 1.6 concludes the 
chapter. 


1.22 The Model 


Consider a world economy with three countries, denoted by country 1, 2,and 3. 
Each country has a single local firm and a domestic market. We assume that the 
markets are segmented. The demand function of market i (i = 1,2,3) is given by 
the following: 


P=1-dd, (1.1) 


Ornelas (2005b) endogenized the external tariff in Krishna (1998)’s model. He demonstrated 
that the formation of a bilateral FTA reduces nonmember countries’ benefits from MFT and may 
thereby serve as a stumbling block for MFT. 
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where Q! = gi + qi + g is the total quantity supplied to market i and q; is the 
quantity supplied by the firm in country j to market i. Each government i imposes 
a specific tariff f on imports from country j. All firms compete à la Cournot in 
all markets. We assume that firms have an identical cost function and normalize 
the production cost to zero. Further, there are no transportation costs among the 
markets. The profits of firm j in market 7 are given by 


ri = (P —ti)qi. (1.2) 


The welfare function of country i is the sum of consumer surplus, producer surplus 
of its local firm, and the tariff revenue, represented by 


 (1- PQ 
7 2 


wi + (ai t+ ap + af) + tdi + ta (1.3) 

In the initial situation, there is no FTA. Therefore, each government sets its 
specific tariff independently so as to maximize its national welfare. We assume that 
only one FTA is negotiated at a time and that no FTA 1s dissolved after its formation. 
Governments engaging in the present negotiation are interested in knowing whether 
the formation of an FTA improves national welfare, as compared with the status 
quo. However, they are not concerned about how the present FTA influences future 
negotiations over other FTAs.!! 

In the first round, two of the three governments negotiate to form a bilateral FTA. 
Now, suppose that one bilateral FTA is formed. Given that this situation is status 
quo, another negotiation will also be conducted. There are two possible paths to 
MFT after the formation of a bilateral FTA. (1) When both members of the existing 
bilateral FTA agree to accept the nonmember country as a new member, MFT is 
realized (expanding regime). (11) When one of the bilateral FTA members forms 
another FTA with a nonmember country, a hub-and-spoke system arises. Under 
the hub-and-spoke system, two spoke countries can negotiate an FTA (spoke-spoke 
FTA), which leads to MFT (overlapping regime). Therefore, two rounds occur in an 
expanding regime, whereas three rounds occur in an overlapping regime. Figure 1.1 
shows the timeline, while Figure 1.2 illustrates the possible paths to MFT under 
both expanding and overlapping regimes. 

Each round proceeds as shown in the following three-stage game. In the first 
stage, governments negotiate for an FTA. Given the initial situation (pattern of 
existing FTAs), the countries engage in an FTA negotiation. These countries then 
choose their unilateral stance on the FTA, that is, whether to participate or not. 
Each government chooses to participate only when the resulting social welfare is 
higher under the newly formed FTA than under the status quo. The FTA will be 
formed when all the governments involved in the negotiation choose to participate. 


'lSuch a myopic assumption of players is also assumed in the literature on the process of network 
structure. See, for example, Watts (2001). 
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Fig. 1.1 Timeline Initial Reference Reference 
situation point point 


ae : 


Stage game in each round 
e 1%' stage: negotiation on FTA 
e 24 stage: tariff determination 


e 3" stage: Cournot competition 


Fig. 1.2 Possible Paths to 
Multilateral Free Trade 
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Multilateral Free Trade 


Otherwise, no FTA is formed, and the status quo continues. In the second stage, all 
governments set their import tariff so as to maximize social welfare independently 
and simultaneously. When an FTA is formed, the governments of member countries 
do not impose any internal tariff; they only set an external tariff. In the third 
stage, firms compete à la Cournot in all markets, given the tariff levels set by the 
governments in the previous stage. We solve this game in each round by backward 
induction. 


1.3 Preliminary Results 


In this section, we first consider the outcome in the initial situation where no FTA 
exists, and then we confirm the feasibility of bilateral FTA. 
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1.3.1 Initial Situation: No FTA 


First, let us confirm the outcome in the initial situation where no FTA is formed. 
That is, each government sets its tariff rate independently. In the third stage, given 
ti, firms compete à la Cournot in all markets. Note that we can treat each market 
separately because the marginal costs are constant (zero). From Eqs. (1.1) and (1.2), 
the profit-maximizing quantity by firm j in market i is given by 


i l 
G= i (1+ > ,-1234) — Ë. (1.4) 
In the second stage, each government determines the tariff level so as to 
maximize national welfare. From Eqs. (1.1) through (1.4), the social welfare of 
country 7 is given by the following: 


Wi = 3-t-t 
— J 


ra ii (ETETAN TEN E E + : (1 — 3¢* + #8) 
16d! 16di a 16d* 


The first term represents consumer surplus; the terms within the square brackets 
denote producer surplus, and the sum of the third and last terms indicates the tariff 
revenue in country i. Maximizing Eq. (1.5) with respect to t; given t,, we have the 
first-order conditions: 


i 3th PER ae 


fas 1.6 
j 2 * 21 =) 





Eq. (1.6) shows that the optimal tariff level does not depend on the tariff level set by 
other countries. This is owing to the assumption of segmented markets. 

Noting that the most favored nation (MFN) clause of GATT requires that a 
country’s import tariff should not depend on the country from which the import 
originates, we obtain optimal tariff level when no FTA is formed from Eq. (1.6): 


| 3 
a = (f)* = To ij = 1,2,3. (1.7) 


Eq. (1.7) satisfies the MFN clause. 
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Table 1.1 Social welfare = 
without an FTA 
Country 1 Bt L+) 
Country 2 | (4 +8 +b) 


Izi 1 40 
Country 3 wata 


Because there is no FTA in the initial situation, no government takes action in 
the first stage. Thus, Eq. (1.7) shows the equilibrium tariff rates. 

Substituting Eq.(1.7) into Eq. (1.5), we obtain social welfare as shown in 
Table 1.1. 


1.3.2 Feasibility of Bilateral FTA 


Now, we consider whether a bilateral FTA can be formed. Even in the FTA 
negotiation process, the outcome of the third and second stages is the same as those 
in the case of no FTA, such as Eqs. (1.4) and (1.6). In the first stage, governments 
negotiate whether they can form an FTA. Note that we restrict our attention to the 
situation where only one FTA is negotiated at once and where no FTA is dissolved 
after its formation. 

Suppose that an FTA between countries 1 and 2 is formed. In this case, 
governments 1 and 2 do not set any internal tariffs (t! = t = 0) and impose an 
external tariff against nonmember country 3, so as to maximize their own national 
welfare. In contrast, government 3 does not change the tariff level on imports from 
countries 1 and 2. Thus, the formation of the bilateral FTA does not change the 
quantity supplied to market 3 (note that į = t} = ¢”""). The optimal external tariff 
under the bilateral FTA is calculated as follows: 

‘a a (1.8) 
Equations (1.7) and (1.8) show that member countries voluntarily decrease the 
external tariff level relative to that under the MFN clause (i.e., 4" < t"), which 
is called tariff complementarity effect.'* Article XXIV of GATT requires that, after 
forming RTAs, member countries should not raise tariff levels against nonmember 
countries, although the formation of RTAs is permitted. Equation (1.8) shows that 
this requirement is met. 

Substituting t = ff = 0,4 = 4 = 1” and Eq. (1.8) into Eq. (1.5), we can 
determine the social welfare under the bilateral FTA. 


See, Bagwell and Staige (1999). Saggi (2006) obtained the same result in a model similar to ours. 
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Table 1.2 Social welfare 


Wi. 
under bilateral FTA bilateral 


5 4 Lp 
Country 1 14d + 4942 + 10043 

4 5 = 
Country 2 49a! + 1442 T 100d? 


5 5 98 
Country 3 245d! + 245d2 + 245d? 


From Tables 1.1 and 1.2, changes in the welfare of each country arising from the 
bilateral FTA are specified below: 











3 351 70d? 

w1. sW — 0d e , 1.9 

bilateral 70d' pog 117 a 
w? w? = : > Oifd! < 17a" (1.9b) 

; — — irer 1 ; ‘ 
bilateral 4900d! Td 70 
51(d' + d’) 

Writateral 7 w? = ~A900d!d2_ > 0. (1.9c) 


From Eq. (1.9), we obtain the following result. 


Proposition 1.1 (i) A bilateral FTA can be formed when the market sizes of the 


negotiating countries are similar, that is, ue <d = ue irrespective of the 
market size of the nonmember country. (ii) It also benefits the nonmember country 


and increases world welfare. 


The rationale underlying Proposition 1.1 is explained as follows. The formation 
of a bilateral FTA increases consumer surplus but decreases the member country’s 
tariff revenue through the tariff elimination effect as well as the tariff complemen- 
tarity effect on nonmember country (allocation effect). Under the assumptions in 
this chapter, the allocation effect is always positive; that is, an increase in consumer 
surplus exceeds a decrease in tariff revenue with the formation of an FTA. 

It also decreases the profit in the home market through the tariff elimination 
effect as well as, indirectly, the tariff complementarity effect, while it directly 
increases the profit in the partner’s market through the tariff elimination effect (rent- 
shifting effect). We should note that the bilateral FTA does not change the profit 
in the nonmember’s market owing to segmented markets. The rent-shifting effect 
tends to be positive (negative) when the market size of the partner country is large 
(small) relative to their own market.!’ Therefore, when the partner’s market size is 
sufficiently small relative to their own market, the rent-shifting effect is negative, 
and this negative effect dominates any positive allocation effect. That is why a 
bilateral FTA can be formed only when negotiating countries are similar. 


'’The rent-shifting effect becomes positive if d’ > $d! under i — j FTA. 
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1.4 Analysis 


As mentioned in Sect. 1.1, FTAs between similar countries were generally formed 
earlier, while FTAs between dissimilar countries have recently become more 
common. Thus, this section investigates whether the formation of a bilateral FTA 
between similar countries leads to MFT through overlapping regimes (Sect. 1.4.1) 
as well as through an expanding regime (Sect. 1.4.2). 

As shown in Proposition 1.1, a bilateral FTA is formed when negotiating coun- 
tries are similar. Hereafter, we maintain the following assumption for simplicity. 


Assumption 1.1 d! = d* = d and0 < d? < 2d. 


1.4.1 Overlapping Regime 
1.4.1.1 Hub-and-Spoke System 


Suppose that a bilateral FTA between countries 1 and 2 is already formed. Each 
country | and 2 becomes a hub country when it forms a bilateral FTA with country 
3. The overlapping FTA is formed only when the resulting social welfare of each 
member country of new FTA exceeds the welfare under the status quo. 

Suppose that countries 1 and 3 conclude a bilateral FTA.'* In this case, hub 
country 1 imposes no tariff against both spoke countries 2 and 3. In contrast, neither 
spoke country 2 nor 3 imposes a tariff against hub country 1, while they set an 
external tariff against each other independently; the tariff level in this case is the 
same as the optimal external tariff under the bilateral FTA. (See Eq. (1.8).) Thus, 
the value of welfare for each country under a hub-and-spoke system is stated below. 

From Tables 1.2 and 1.3, we derive the welfare change arising from the hub-and- 
spoke system, starting with a bilateral FTA. 


3 351 
Wrub—spoke ~ Whitateral = -= + ——— > 9, (1.10a) 
hub—spoke bilateral 224d 4900d3 
Table 1.3 Social welfare wi 
hub—spoke 
under hub-and-spoke system roa 7 
Country 1 redi | DF 


47 l 
Country 2 Tig + od? 


65 5 
Country 3 nia © Tadd 


'4The same holds true for country 2 in the case where country 2 becomes a hub country because 
of symmetry between countries | and 2 (Assumption 1.1). 
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15 51 68 
W — Weiteral = -2 + ——— > 0 ifd? < —d, 1.10b 
hub—spoke bilateral 784d F 4900@3 J 125 ( ) 
33 3 56 
Wrrub—spoke 7 Woitateral = 784d 7 703 > Oif d > 55% (1.10c) 


From Eq. (1.10), we obtain the following results. 


Proposition 1.2 (i) Suppose that a bilateral FTA between countries 1 and 2 is 
already formed. A hub-and-spoke system arises if zd < @. (ii) Under a hub-and- 
spoke system, the welfare of a nonmember of newly formed FTA, that is, country 2, 
is decreased. 


Proposition 1.2 states that a hub-and-spoke system arises if a nonmember country 
of an existing bilateral FTA is smaller in some degree than member countries. Let 
us consider the logic behind Proposition 1.2. 

First, we discuss country 1. By being a hub country, country 1 eliminates tariffs 
against country 3; 1.e., the tariff elimination effect also works in this case, but this 
tariff elimination effect is weaker than that caused by the formation of the first 
FTA under the MFN clause. This is because a tariff against country 3 has already 
reduced from = to 1 through the tariff complementarity effect of the bilateral 
FTA between countries 1 and 2. Therefore, the increase in consumer surplus and 
decrease in tariff revenue become small, and then the allocation effect is small 
while it remains positive. The tariff complementarity effect does not occur for the 
hub country because the tariff against country 2 was already eliminated by the FTA 
between countries 1 and 2. This means that the decrease in profit in the home market 
is lower than that in the MFN case because the tariff complementarity effect does 
not work. However, an increase in profit in a partner’s market is the same through 
the tariff elimination effect on country 1. Therefore, the rent-shifting effect tends 
to be positive as compared with the original bilateral FTA case. Thus, being a hub 
country is always beneficial. 

Next, we consider a spoke country 3, which is a nonmember of the first bilateral 
FTA. Before forming a hub-and-spoke FTA, country 3 imposes optimal tariff level 
(MIN against both countries 1 and 2. By forming an FTA with country 1, country 
3 eliminates tariffs against country 1 and reduces the tariff level against country 
2. Thus, both the tariff elimination effect and tariff complementarity effect work. 
This means that the magnitude of allocation effect is the same as under formation of 
the first FTA. However, the rent-shifting effect on country 3 changes. As compared 
with a bilateral FTA under the MFN clause, the tariff elimination effect on country 
3 falls because tariffs against country 3 were already lowered, although the tariff 
complementarity effect does not work on country 2 in country 1’s market. Therefore, 
a nonmember country of the first FTA has an incentive to be a spoke country unless 
its market size is larger than that of the hub country. 

Finally, we discuss another spoke country 2. The formation of a hub-and-spoke 
FTA does not change the allocation effect on country 2 but decreases the rent- 
shifting effect on country 2. A hub-and-spoke FTA decreases firm 2’s profit in the 
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hub country market because the tariff elimination effect on firm 3 works, while the 
tariff complementarity effect does not work on firm 2. This increases firm 2’s profit 
in the market of country 3 through the tariff complementarity effect, but this effect 
is weakened by the tariff elimination effect on firm 1. That is why the formation of 
a hub-and-spoke FTA benefits country 2 only when the market size of country 3 is 
sufficiently large relative to that of the original member countries, i.e., d < £d ' 
This condition does not hold when both countries 1 and 3 have an incentive to form 


a hub-and-spoke FTA. 


1.4.1.2 Spoke-Spoke FTA 


We now consider whether two spoke countries, 2 and 3, have an incentive to form 
a bilateral FTA under a hub-and-spoke system. Under a hub-and-spoke system, the 
hub country 1 imposes no tariffs on both spoke countries, while the spoke countries 
impose external tariffs on each other, with the tariff levels being the same as shown 
in Eq. (1.8). If they form a bilateral spoke-spoke FTA, then MFT arises. Substituting 
H = 0 into (1.5), we obtain each country’s welfare under free trade. 

From Tables 1.3 and 1.4, the changes in the welfare of each country arising from 
the formation of a spoke-spoke FTA are specified below: 


15(d + d’) 
Wir 7 Wpub—spoke a TQ Ad ds , (1.lla) 
ooy 3(22d — 7d?) 
Wer — Whub—spoke = ~ 1568da2 > 0, (1.1 1b) 
3(228 —Td) 7 
Wer = Winb—spoke = (568d > Oif d > Ti (1.11c) 


From here, we obtain the following results. 


Proposition 1.3 (i) Under a hub-and-spoke system, the formation of a spoke-spoke 
FTA is feasible if d? < 5d, which in turn leads to MFT. (ii) A spoke-spoke FTA is 
detrimental to the hub country. 


The formation of a spoke-spoke FTA eliminates external tariffs on each spoke’s 
firms in the spoke countries’ markets; this leads to MFT. Let us consider a spoke 
country. By forming a spoke-spoke FTA, the tariffs between spoke countries reduce 
to zero. This tariff elimination effect indirectly worsens the effective cost advantage 


Table 1.4 Social welfare wi 
FT 


under free trade 13 2 
Country 1 | 355 + ya 


13 2 
Country 2 | 355 + yp 


4 in 
Country 3 | 35 + pp 
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in the home market against another spoke country’s firm. Each spoke country’s 
firm directly mitigates its cost disadvantage in another spoke country’s market by 
tariff elimination. Then, the producer surplus in a relatively smaller spoke country is 
greater than that in another spoke country. Noting that the allocation effect 1s always 
positive, the spoke-spoke FTA benefits the spoke country unless its market size is 
sufficiently large relative to another spoke country. 

For the original hub country, the formation of a spoke-spoke FTA eliminates the 
effective cost advantages in both spoke countries’ markets and then decreases the 
profits of the hub-country firm in both spoke markets. Because the allocation effect 
does not work, the formation of a spoke-spoke FTA is always detrimental to the hub 
country. 


1.4.2 Expanding Regime 


In this subsection, we examine whether formation of a bilateral FTA leads to MFT in 
an expanding regime. From Proposition 1.1 and Assumption 1.1, we proceed to this 
discussion under the presumption that a bilateral FTA between symmetric countries 
1 and 2 exists. 

Given the existence of an FTA between countries 1 and 2, all governments 
negotiate for its expansion, which leads to MFT. Similar to the case of a bilateral 
FTA, each government sets its unilateral stance toward the expansion, and the FTA 
expands only when all governments agree with the negotiation. From Tables 1.2 
and 1.4, the changes in welfare arising from an expansion of the bilateral FTA are 
mentioned as follows: 








wL. — w] E $ >0if Ë < a (1.12a) 

FT © bilateral "1 568d 400 425 l 
51 21 686 

W2.. — We. ae Oif d> < —d, 1.12b 

Fr ~ bilateral = ~T568q * 400P ~ 425 aaa 
33 9 147 

W3- — W?. = S| itd = —a. 1.12 

FT bilateral 392d 160d? 1 220 ( c) 


Equation (1.12) indicates the following: 


Proposition 1.4 Expansion of a bilateral FTA through new membership is feasible 


f 141 3 < 686 
if mpd < T < Gos. 


Let us consider the logic behind Proposition 1.4. Expansion of a bilateral FTA 
through new membership gives a positive allocation effect for all countries. As d° 
increases given d (i.e., the relative market size of country 3 becomes small), the 
rent-shifting effect on both member countries of the bilateral FTA turns negative 
and then outweighs a positive allocation effect. In contrast, for country 3, the rent- 
shifting effect increases as d? increases because increases in profits in markets 1 and 
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2 are large relative to decreases in home market 3. Therefore, new member country 3 

tends to have an incentive to join the bilateral FTA as its own market size is smaller, 

while neither member country of the original FTA has an incentive to accept a new 
686 


member into the FTA if country 3 is small, i.e., d? > roe 


1.5 Feasibility of MFT Under Overlapping Regime 
and Expanding Regime 


Now, we investigate whether a bilateral FTA acts as a building block or a stumbling 
block for MFT and how the difference in market sizes between member and 
nonmember countries affects the feasibility of MFT. 

First, we confirm the feasibility of an MTA. From Tables 1.1 and 1.4, we observe 
the changes in welfare arising from a shift to MTA, as shown below: 


3(14d — d?) 


Wew eS ni 1.13 
FT 800dd3 ee 
3(14d — d?) 
We- WS 1.13b 
g 800dd? ( ) 
3(28d? — 15d) 15 
3 a : 3 


Proposition 1.5 An MTA is negotiated if d? > $d. 


The formation of the MTA brings a positive allocation effect to all countries. 
Whether the rent-shifting effect becomes positive or negative depends on the 
differences of market sizes. For a relatively large country, the effect tends to be 
negative because a decrease in home market profit tends to be greater than an 
increase in profit in a smaller country market by forming an MTA. When the home 
market is sufficiently large (such as d? > Bd), the rent-shifting effect is negative 
and outweighs the positive allocation effect. That is why a larger country may not 
have an incentive to form an MTA, while smaller countries always have an incentive 
to conclude it. Proposition 1.5 implies that an MTA is not feasible when one large 
country and two small countries exist.!° This proposition may suggest that it is 
difficult to form an MTA because there are many small countries and a few large 
countries in the real world. 

On the basis of Propositions 1.2, 1.3, 1.4, and 1.5, we establish the following: 


Proposition 1.6 Suppose that a bilateral FTA between symmetric countries is 
already formed. (i) A bilateral FTA becomes a stumbling block for MFT through an 
overlapping regime, while it acts as a building block for MFT through an expanding 


'SOQrnelas (2005b) showed similar results. 
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Fig. 1.3 Feasibility of MFT 


regime when the market sizes of member and nonmember countries are quite similar. 
(ii) When the market size of a nonmember country is smaller than that of member 
countries, then an overlapping regime leads to MFT while an expanding regime 
may or may not. (iii) If the nonmember country of the original FTA is large, 
then an expanding regime may or may not achieve MFT, while an overlapping 
regime cannot. (iv) When the market size of a nonmember country is quite large 
as compared with member countries, MFT never arises through an overlapping 
regime, an expanding regime, or a negotiation of an MTA. 


Figure 1.3 summarizes these results. In region 1, MFT never arises, while both 
overlapping and expanding regimes achieve MFT in region 3. In region 2, an 
expanding regime acts as a stumbling block, while an overlapping regime serves as 
a building block. In contrast, an overlapping regime leads to MFT, but an expanding 
regime cannot in region 4. 

Now, let us consider the role of market asymmetry on the feasibility of the 
issue. The above results show that, when countries are similar, an expanding regime 
always achieves MFT, but an overlapping regime may or may not. In particular, they 
show that, if all countries are symmetric, an expanding regime acts as a building 
block, although an overlapping regime serves as a stumbling block. These results 
contrast to those obtained by Nomura et al. (2013), who investigated similar issues 
in a situation where all three countries differ with respective to market size. Nomura 
et al. (2013) showed that overlapping FTAs lead to MFT only when two larger 
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countries form a bilateral FTA initially, and a bilateral FTA is never expanded.!° 
These results indicate that whether and in which regime MFT is realized depend on 
the difference in market size, not only between member countries of a bilateral FTA 
but also between member and nonmember countries. 

In the real world, FTAs among developed countries were formed, and then FTAs 
among developed and developing countries have been increasing. Our chapter shows 
that, if larger countries form a bilateral FTA, either an overlapping or an expanding 
regime leads to MFT. This implies that the formation of a bilateral FTA can serve 
as a building block for MFT, although this is an exception to the nondiscrimination 
rule under GATT/WTO. 


1.6 Concluding Remarks 


This chapter has investigated the feasibility of MFT through both overlapping and 
expanding regimes in the presence of market asymmetry between member and 
nonmember countries of an existing bilateral FTA. It has determined whether the 
bilateral FTA leads to MFT in a three-country model, wherein each country has a 
local firm and a domestic market. We summarize the main conclusions as follows. 
Suppose that a bilateral FTA between symmetric countries is already formed. (1) A 
bilateral FTA becomes a stumbling block for MFT through an overlapping regime, 
while it acts as a building block for MFT through an expanding regime when the 
market sizes of member and nonmember countries are quite similar. (11) When the 
market size of a nonmember country is smaller than that of member countries, then 
an overlapping regime leads to MFT, while an expanding regime may or may not. 
(iii) If the nonmember country of the original FTA is large, then an expanding 
regime may achieve MFT, while an overlapping regime cannot. (iv) When the 
market size of a nonmember country is quite large as compared with member 
countries, MFT never arises through an overlapping regime, expanding regime, or 
negotiation of an MTA. 

Future studies can extend this chapter in several directions. Our main conclusions 
are derived under the assumption of symmetry between member countries. It is 
interesting to construct a model where all countries can be symmetric as well as 
asymmetric. In this chapter, we have not considered lobbying practices, which 
is a potential extension of the model.'’ It would be interesting to introduce cost 
differences among firms and multiple numbers of firms and/or countries. 


'6We should note that our assumption of market asymmetry is different from that in Nomura et al. 
(2013), which cannot consider the situation where all countries are symmetric. 

lFor example, Endoh (2006), Krishna (1998), Mukunoki and Tachi (2006), and Ornelas (2005b) 
considered the effect of lobbying practices on RTAs. 
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Chapter 2 

The Feasibility of Multilateral Free Trade 

and Mode of Competition: Stackelberg Versus 
Cournot Competitions 


Ryoichi Nomura 


Abstract This chapter investigates how mode of competition affects the feasibility 
of multilateral free trade (MFT) through formation of a bilateral free trade agree- 
ment (FTA) by comparing Stackelberg competition with Cournot competition 
in a three-country model with asymmetric markets. Our main conclusion is as 
follows: As compared with Cournot competition, Stackelberg competition lowers 
the feasibility of a bilateral FTA as well as the attainability of MFT. 


Keywords Free trade agreement ° Multilateral free trade ° Stackelberg 
competition 


2.1 Introduction 


Recently, a proliferation of regional trade agreements (RTAs) has come under 
observation (WTO, 2015a,b). As Fiorentino et al. (2009) pointed out, one feature of 
recent RTAs is an overlapping formation of bilateral free trade agreements (FTAs) 
among different countries. In keeping with this feature, several articles have been 
developed to the study of the feasibility of multilateral free trade (MFT) through 
the formation of FTAs (Krishna, 1998; Ornelas, 2005a,b; Saggi, 2006). While these 
studies address only the expansion of FTAs through the addition of new members, 
Mukunoki and Tachi (2006) and Nomura et al. (2013) also consider the formation 
of overlapping FTAs. 

These previous studies commonly assumed that firms compete à la Cournot. 
However, in reality, it is not necessarily the case that firms compete Cournot 
fashion. Stackelberg model is one of the most widely used model for analyzing 
firms’ strategic behavior. For example, Dastigar (2004) compared the equilibrium 
configuration of the quantity Stackelberg model with the price Stackelberg model. 
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Huck et al. (2001) showed that the profitability of merger also depends on the market 
structure and on the involved firms’ strategic power in the Stackelberg model. 
Etro (2008) investigated a general characterization of Stackelberg equilibrium with 
endogenous entry of followers. Liu (2005) examined how the demand uncertainty 
affects the first-mover advantage in the Stackelberg model. Amir (1999), Anderson 
and Engers (1992), and Julien (2011) compared Cournot model with Stackelberg 
model. 

These researches showed that the order of moves changes firms’ behavior. 
Consequently, it affects the decision of the governments for trade policies as a 
result. Surprisingly, however, there is little literature dealing with whether the 
overlapping formation of FTAs leads to MFT under Stackelberg competition, and 
there are no result, to our knowledge, which compares the feasibility of MFT 
through overlapping formation of FTAs under Cournot competition and Stackelberg 
competition. 

This drives us to the question of how the mode of competition affects the 
feasibility of MFT through the formation of FTAs. In this chapter, we introduce 
Stackelberg competition into Nomura et al. (2013), who investigated the feasibility 
of MFT through the formation of bilateral FTAs in a three-country model with 
asymmetric markets under Cournot competition. We obtain the following results: 
Compared with Cournot competition, Stackelberg competition lowers a bilateral 
FTA’s feasibility as well as the attainability of MFT. 

The rest of this chapter is organized as follows: Section 2.2 presents our 
model. Section 2.3 shows the preliminary results under Stackelberg competition. 
In Sect. 2.4, we compare the results under Stackelberg competition with those under 
Cournot. Section 2.5 concludes the chapter. 


2.2 The Model 


Consider a world economy with three countries. Each country has a single local 
firm and a domestic market. We refer to these countries according to their market 
sizes; that is, the country with the largest market is called a “large country” (L), 
that with a medium-sized market “medium country” (M), and that with the smallest 
market “small country” (S). We assume that the markets are segmented. The demand 
function of market i (i = L, M, S) is given by the following: 


P=1-dd, (2.1) 


where Q' = q; + qu + 45 is the total quantity supplied to market i and q; is the 
quantity supplied by the firm in country j to market i. We assume that d? = 2 > 
d“ > dt = 1. We denote d” by d. The market size of the medium country is 
inversely related to d. Each government i imposes a specific tariff ¢! on imports 
from country j. All firms compete à la Stackelberg in all markets. Without loss of 
generality, let a home firm in each market be a leader and two foreign firms be 
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followers. We assume that firms have an identical cost function and normalize the 
production cost to zero. Further, there are no transportation costs among the markets. 
The profits of firm j in market i are given by 


ni = (P — fai. (2.2) 


The welfare function of country i is the sum of consumer surplus, producer surplus 
of its local firm, and the tariff revenue, represented by 


_ d-P)Q! 
E 2 


w' + (xy tay + 0?) + Ég + tg. (2.3) 

In the initial situation, no FTA is formed. Therefore, each government sets its 
import tariff independently. We assume that only one FTA is negotiated at once, 
and no FTA is dissolved after its formation. Governments engaged in the present 
negotiation are interested in knowing whether the formation of an FTA improves its 
national welfare, as compared with the status quo. However, they are not concerned 
about how the present FTA influences future negotiations over other FTAs. 

In the first round, two of the three governments negotiate to form a bilateral FTA. 
If an FTA is not formed, no subsequent negotiations occur. Now, suppose that one 
bilateral FTA is formed. Given that this situation is status quo, another negotiation 
will also be conducted. There are two possible paths to MFT after the formation 
of a bilateral FTA: (1) When both members of the existing bilateral FTA agree 
to accept the nonmember country as a new member, MFT is realized (expanding 
regime). (41) When one of the bilateral FTA members forms another FTA with 
a nonmember country, a hub-and-spoke system arises. Under the hub-and-spoke 
system, two spoke countries can negotiate an FTA (spoke-spoke FTA), which leads 
to MFT (overlapping regime). Therefore, two rounds occur in an expanding regime, 
whereas three rounds occur in an overlapping regime. Figure 2.1 shows the time line, 
while Figs. 2.2 and 2.3 illustrate the possible paths to MFT under both expanding 
and overlapping regimes. 


Initial Reference Reference 
situation point point 


Stage game in each round 
e 1‘ stage: negotiation on FTA 
e 24 stage: tariff determination 


e 3" stage: Cournot competition 


Fig. 2.1 Time line 
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Fig. 2.2 Possible paths to MFT under expansion regime 
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Fig. 2.3 Possible paths to MFT 


Each round proceeds as shown in the following four-stage game.! In the first 
stage, governments negotiate an FTA. Given the initial situation (pattern of existing 
FTAs), the countries engage in FTA negotiation. These countries then choose their 
unilateral stance on the FTA, that is, whether to participate or not. Each government 
chooses to participate only when the resulting social welfare is higher under the 
newly formed FTA than under the status quo. The FTA will be formed when 
all the governments involved in the negotiation choose to participate. Otherwise, 
no FTA is formed, and the status quo continues. If the governments fail to form 


l The structure of this game is the same that in Chap. 1 as well as Nomura et al. (2013). 
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any FTA, no further negotiation over the FTA occurs. In the second stage, all 
governments set their import tariff so as to maximize social welfare independently 
and simultaneously. When an FTA is formed, the governments of member countries 
do not impose any internal tariff; they only set an external tariff. In the third stage, 
a leader local firm selects its output in each market, given the tariff levels set by 
the governments in the previous stage, and two foreign follower firms select their 
outputs simultaneously in each market in the fourth stage. We solve this game in 
each round by backward induction. 


2.3 Analysis 


In this section, we first consider the outcome in the initial situation where no FTA 
exists (Sect. 2.3.1). We then investigate whether the formation of a bilateral FTA 
leads to MFT in an overlapping regime (Sect. 2.3.2) and in an expanding regime 
(Sect. 2.3.3). 


2.3.1 Initial Situation: No FTA 


First, we consider the outcome in the initial situation where no FTA is formed. That 
is, each government sets its tariff rate independently. 

In the fourth stage, two foreign follower firms choose their level of output 
simultaneously in each market, given a leader firm’s output and tariff level. Note 
that we can treat each market separately because the marginal costs are constant 
(zero). From Eqs. (2.1) and (2.2), given a leader firm 7’s output, each follower firm j 
in market i chooses its quantity as follows: 


l 1 l , : 
q; = a (1 -qi — 2t + 4). (2.4) 
In the third stage, a leader firm chooses its quantity q' to maximize its profits 
given the tariff level, anticipating the effects its choice will have on the followers’ 
subsequent decisions. The profit-maximizing quantity is given by 


i l TE. 
=> (1+6 +r). (2.5) 
Hence, the followers choose 
i l i 
q; = — (1 — 5t; + t4) - (2.6) 


6d! 
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Table 2.1 Social welfare wi 
without an FTA 
Country L 2410824 
Country M 31088 
Country S$ Lt 27d 


In the second stage, each government determines the tariff level so as to 
maximize national welfare. From Eqs. (2.1), (2.2), (2.3), (2.5), and (2.6), we have 
the equilibrium tariff rate when no FTA is formed: 


. 7 
, =) = Vi i,j = L,M, S. (2.7) 


Note that none of the governments do anything in the first stage because there is no 
FTA in the initial situation. 

Substituting (2.1), (2.2), (2.5), (2.6), and (2.7) into (2.3), we obtain social welfare 
as shown in Table 2.1. Thus, the larger the market size, the larger the resulting 
welfare. 


2.3.2 Overlapping Regime 


In this subsection, we investigate the feasibility of a bilateral FTA as well as 
overlapping FTAs. 


2.3.2.1 The First-Round Negotiation: Bilateral FTA 


We now examine three possible bilateral FTAs that can occur in the first-round 
negotiation. 


Large-Medium FTA (L-M FTA) 


Suppose that an FTA between countries L and M is formed. In this case, govern- 
ments L and M do not set any internal tariffs (17 = 7 = 0) and impose an external 
tariff against nonmember country S, so as to maximize their own national welfare. 
In contrast, government S does not change the tariff level on imports from countries 
L and M. Thus, the formation of an L-M FTA does not change the quantity supplied 
to market S (Note that t? = F = {*). The optimal external tariffs under an L-M 
FTA are calculated as follows: 


t = ™ = — = try. (2.8) 
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Table 2.2 Social welfare wi 
LM 
under an L-M FTA 


54385 100 
Country L | 755536 T Z0% 








234009 47 
Country M | Gioa4os T Tosa 


11389 9 
Country S | 553 1 38054 


From 4” = t4, = 0, tf} = tf, = f*, and (2.8), we can determine the social welfare 
under the L-M FTA. 

From Tables 2.1 and 2.2, changes in the welfare of each country arising from the 
L-M FTA are specified below: 


7-126144- = 16113 
wl, — wl = —— 4 * 5s 0if d < —— = diy o 1.27, 2.9 
LM 3247204 i Bea ~” Ce 
7(16113 — 2844) 
Wi, -W" = aCe orTy ae > 0, (2.9b) 
7595(1 + d) 
Ve SS 2.9 
LM 3247204d a 


From equation (2.9), we obtain the following result: 


Lemma 2.1 (i) An L-M FTA is formed if d < dım. (ii) An L-M FTA also benefits 
nonmember country S. 


Medium-Small FTA (M-S FTA) 


Next, we consider the feasibility of an M-S FTA. Following the same argument for 
an L-M FTA, the optimal external tariff under an M-S FTA is 


7 
=. = z3 = tms. (2.10) 


From tf = G, = 0, t = t = f“, and (2.10), we derive social welfare under an 
M-S FTA as follows: 

From Tables 2.1 and 2.3, the welfare changes of each country arising from the 
M-S FTA are specified below: 


L 7595(2 +d) 


WŁ. — WŁ = i 2.11 
MS 64944084 oo) 
7(16113 — 228) 25228 
W“, — WM = —— j a = dys & 1.56, 2.11b 
Ms 6494408 “|7 16113“ oe 
7(16113 — 6307d 
Wie -W = Se (2.11c) 
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Table 2.3 Social welfare 


wi 
under an M-S FTA 09 7 
Country L 95506 + 28094 


60609 47 
Country M | 337204 T Tosa 


Country S a E 3089 
Table 2.4 Social welfare wi 
LS 


under an L-S FTA 2591 1 
Country L sain + Tised 


27 8 
Country M 5618 + Td 


2891 1 
Country S | f6 + Tea 


From (2.11), we obtain the following result: 


Lemma 2.2 (i) An M-S FTA is formed if d > dys. (ii) An M-S FTA also benefits 
nonmember country L. 


Large-Small FTA (L-S FTA) 


Finally, we examine whether an L-S FTA is formed. The optimal external tariff 
under an L-S FTA is calculated as follows: 


7 
ty = ty = =z = ts. (2.12) 


From t = t = 0, t” = t = tf*, and (2.12), the values of social welfare under an 
L-S FTA are obtained as shown in Table 2.4. 

From Tables 2.1 and 2.4, changes in the welfare of each country arising from the 
L-S FTA are specified below: 


63805 


Wry — We = -———. < 0, 2.13 
LS 6494408 eee) 
22785 
wW% - WwW" = ——__>0, (2.13b) 
6494408 
34321 
Ws,- W° = —— > 0. (2.13c) 
1623602 


From (2.13), we derive the following: 
Lemma 2.3 An L-S FTA is not formed. 
From lemmas 2.1 through 2.3, we obtain the following results: 


Proposition 2.1 (i) A bilateral FTA is formed only when the market sizes of the 
negotiating countries are similar to some extent. (ii) If a bilateral FTA is formed, it 
benefits the nonmember country and increases world welfare. 
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Table 2.5 Social welfare 








i i 
under overlapping FTAs [1] Wim—ts Wim—ms 
Country L en Ea STi 4250 $ + 
Cony M | + ty A 
Country S = + OGG 2321 le i 


The intuition underlying Proposition 2.1 1s explained as follows. The formation 
of a bilateral FTA eliminates initial internal tariffs and reduces external tariffs from 
4 to &, as shown in Eqs. (2.7), (2.8), (2.10), and (2.12). The formation of a bilateral 
FTA raises consumer surplus but lowers tariff revenue. The effect on producer 
surplus is ambiguous. The profit of home firm i in the domestic market 7 decreases, 
whereas its profit in the market of the partner country increases, and its profit in 
the market of the nonmember country remains unchanged. If the size of the home 
market is greater than that of the partner country’s market, the loss in profits in the 
home market outweighs the gain in profits in the partner’s market. In this case, the 
formation of a bilateral FTA may harm the home country’s welfare, although it raises 
the partner country’s welfare. When the market sizes differ between negotiating 
countries, the negotiation fails because the larger country has no incentive to form 
an FTA. Therefore, L-M and M-S FTAs can be formed, but an L-S FTA is not 
formed. 


2.3.2.2 Hub-and-Spoke System 


Suppose that an L-M FTA is already formed. Each country L and M becomes a hub 
country when it forms a bilateral FTA with country S. The overlapping FTA, L-S 
(M-S) FTA, is formed only when the resulting social welfare of each country, L (M) 
and S, exceeds the welfare under the status quo, that is, the welfare under the L-M 
FTA. If countries L (M) and S form a bilateral FTA, they eliminate internal tariffs 
between them. In this case, a hub country L (M) imposes no tariff against both spoke 
countries M (L) and S. In contrast, neither spoke country, M (L) and S, imposes a 
tariff against the hub country L (M), while they set an external tariff against each 
other independently; the tariff level in this case is the same as the optimal external 
tariff under the bilateral FTA (See Eqs. (2.8), (2.10), and (2.12)). Thus, the welfare 
values of each country under a hub-and-spoke system are stated in Table 2.5. 

From Tables 2.2 and 2.5, we derive the welfare change arising from the formation 
of overlapping FTAs, starting from an existing L-M FTA. 


[1] L-S FTA 
132293 

wt =W = ———_ + 0, 2.14 

LM-LS — "LM ~ 59594836 a) 
388843 

w™ SS O 2.14b 
LMES RAM 58449672 ( ) 
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DUS LM “~~ 429777 l 
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[2] M-S FTA 
7(9765d — 65314) 
Wr — Wr, = ——__——- < 0, 2.15 
LM—Ms ~~ 1 LM 58449672d eee 
7(145017d — 107219) 
Wim-us — Win = ——seqageqog > ™ Cry) 
7(6035 —3339d) _.. 6035 
Ww — W$, = ——_— > 0 if d < —— y 1.807. 2.15 
LM—MS ~ "LM 1719108d = 3536 ial 


Noting that drm < 6035/3339, (2.14), and (2.15), we obtain the following result: 


Lemma 2.4 Suppose that an L-M FTA is already formed. Both countries L and M 
can form overlapping FTAs with country S. 


Starting from an existing M-S FTA, either country M or S becomes a hub country 
when each of them forms a bilateral FTA with country L. Following the same 
argument for an overlapping FTA under an L-M FTA, the welfare of each country 
under a hub-and-spoke system is specified below. 

From Tables 2.3 and 2.6, we find that the welfare change arising from the 
formation of overlapping FTAs under an M-S FTA can be expressed as follows: 


[1] L-M FTA 
7(6035 — 6678d) 
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[2] L-S FTA 
Wrs_rs — Wis = -n < 0, (2.17a) 
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Table 2.6 Social welfare 
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Equations (2.16) and (2.17) state that nonmember country L has no incentive to form 
a bilateral FTA with either country M or S after the formation of an M-S FTA. Thus, 
we can derive the following: 


Lemma 2.5 Suppose that an M-S FTA is already formed. No overlapping FTA can 
then be formed. 


Note that we do not need to examine the overlapping LS-LM and LS-MS FTAs 
because the L-S FTA cannot be formed initially. 
From lemmas 2.4 and 2.5, we obtain the following result. 


Proposition 2.2 Overlapping FTAs occur under an L-M FTA only. 


2.3.2.3 Spoke-Spoke FTA 


We now investigate whether two spoke countries have an incentive to form a 
bilateral spoke-spoke FTA under a hub-and-spoke system. If they form a bilateral 
spoke-spoke FTA, MFT arises. Each country’s welfare under free trade is as follows. 

From Tables 2.5 and 2.7, the changes in the welfare of each country arising from 
the formation of a spoke-spoke FTA are specified below: 





[1] M-S FTA 
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From the above equations, we obtain the following results: 


Proposition 2.3 (i) Under LM-LS FTAs, an M-S FTA is feasible if d > st which 
in turn leads to MFT. (ii) Under LM-MS FTAs, the formation of a spoke-spoke FTA 


cannot be formed. (iii) A feasible spoke-spoke FTA is detrimental to the hub country. 


Let us consider an intuition behind Proposition 2.3. Suppose that LM-LS FTAs 
exist. Country M does not have an incentive to form a spoke-spoke FTA with 
country S if d < s, that is, the market size of country M is quite large, while 
country S always has an incentive to do so. Likewise, under LM-MS FTAs, country 
L has no incentive to form a spoke-spoke FTA with country S. In sum, under a 
hub-and-spoke system, if a country has a quite large market as compared with the 
negotiating country, then the country has no incentive to form a spoke-spoke FTA. 
The formation of a spoke-spoke FTA eliminates an effective cost advantage in the 
home market as well as an effective cost disadvantage in the other spoke country’s 
market, and it then reduces profits in the home market and increases profits in 
the other spoke country’s market. Under Stackelberg competition, unlike Cournot 
competition, a leader home firm has a larger market share, and a follower firm 
has a smaller market share in each market. This property enlarges the decrease in 
profit in the home market by the formation of a spoke-spoke FTA and lessens the 
increase in profit in the partner’s market. Thus, a country with a quite large market 
has no incentive to form a spoke-spoke FTA even if an increase in consumer surplus 
exceeds a decrease in tariff revenue. 


2.3.3 Expanding Regime 


In this subsection, we examine whether the formation of a bilateral FTA leads to 
MFT in an expanding regime. 


2.3.3.1 Bilateral FTA 


In an expanding regime, the initial situation, wherein a bilateral FTA can be formed, 
is the same as that in an overlapping regime (Sect. 2.3.2.1). We restate the results: 


Remark 2.1 (i) An L-M FTA is formed if d < drm. (1) An M-S FTA is formed if 
d > dys. 11) An L-S FTA is not formed. 


2.3.3.2 Expansion of Bilateral FTA 


Now, we consider the expansion of a bilateral FTA through new membership. We 
first examine the expansion of an L-M FTA. Given the existence of an L-M FTA, 
all governments negotiate for its expansion, which leads to MFT. Similar to the case 
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of a bilateral FTA, each government decides its unilateral stance on the expansion, 
and the FTA expands only when all governments agree with the negotiation. From 
Tables 2.2 and 2.7, the changes in welfare arising from an expansion of the L-M 
FTA are mentioned as follows: 


7(5141d — 65314) 


Wwe, — Wh, = 0, 2.20 
Fr ~ "IM 58449672d ae 
7(47046d — 107219) 
VY 7 = ee 2.20b 
pa me 58449672d N ) 
7(4477d + 24140) 
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Equation (2.20) shows that the expansion of the L-M FTA does not occur. 
Second, we consider the expansion of an M-S FTA. From Tables 2.3 and 2.7, the 
changes in welfare arising from an expansion of the M-S FTA are mentioned below: 
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Equation (2.21) shows that an expansion of the M-S FTA is not realized. We 
summarize these arguments as follows: 


Proposition 2.4 An expansion of a bilateral FTA through new membership is not 
feasible. 


Let us consider the intuition behind Proposition 2.4. If a bilateral FTA expands, 
the elimination of external tariffs increases consumer surplus and eliminates tariff 
revenue in all countries. Profits of firms in the original FTA member countries 
decline in both the home and partner’s markets, while profits in the new member’s 
market increase. 

Let us consider expansion of an L-M FTA. Before the expansion, country L 
imposes an external tariff on nonmember country S only, which is already reduced 
by the formation of the L-M FTA. An expansion reduces zy largely through tariff 
elimination because the leader firm’s market share is large. However, changes in 
mz and x? are small because firm L is a follower in both markets M and S. In 
addition, changes in CS” and TR* are also small because of tariff elimination and 
tariff reduction by the formation of the L-M FTA. This is why country L has no 
incentive to expand an L-M FTA through new membership. 

Next, we consider expansion of an M-S FTA. In this case, nonmember country L 
imposes ¢* on firms in both countries M and S before the expansion. To participate 
an M-S FTA, country L has to eliminate those import tariffs. It reduces xt drastically 
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and eliminates TR’. On the other hand, increases in x” and x are small because 
the market shares of firm L in both markets are small and tariff level on firm L under 
the M-S FTA is already lowered. Although CS” increases, losses of profits in the 
home market and tariff revenue dominate increased profits in two foreign markets 
and consumer surplus. Therefore, country L has no incentive to join the M-S FTA. 

Proposition 2.4 indicates that formation of a bilateral FTA cannot achieve MFT 
through expansion of the FTA under Stackelberg competition. 


2.4 Comparison of Stackelberg with Cournot Competition 


Finally, we compare the result under Stackelberg competition with that under 
Cournot. First, we examine the feasibility of a bilateral FTA. Figure 2.4 summa- 
rizes the result under Cournot competition (shown in Proposition 1 in Nomura 
et al. (2013)). Figure 2.5, on the other hand, shows the result under Stackelberg 
competition. 


Proposition 2.5 (i) Stackelberg competition reduces the feasibility of a bilateral 
FTA as compared with Cournot competition. (ii) Under Stackelberg competition, no 
kind of FTA can be concluded if d™ < d < d5. 


Stackelberg competition makes the market share of a home firm (each foreign 
firm) large (small) as compared with Cournot competition because a home firm 
(foreign firm) is a leader (a follower). Thus, a decrease in profits in a home market 
by formation of a bilateral FTA becomes larger, and an increase in profits in both 
foreign markets becomes smaller than those under Cournot competition. Thus, a 
country with a larger market tends to have no incentive to form a bilateral FTA. As 
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Fig. 2.4 Feasible condition of FTA under Cournot competition 
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Fig. 2.5 Feasible condition of FTA under Stackelberg competition 
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a result, when market sizes of all countries are different, a bilateral FTA cannot be 
formed under Stackelberg competition, although at least one kind of bilateral FTA 
is formed under Cournot competition. 

Next, we investigate whether formation of a bilateral FTA acts as a building block 
for MFT under Stackelberg competition. Figure 2.6 shows attainable paths to MFT 
under Cournot competition (shown in Nomura et al. 2013), whereas Fig. 2.7 shows 
that under Stackelberg competition. 

From Propositions 2.3, 2.4, Figs. 2.5, and 2.7, we obtain the following results: 


Proposition 2.6 Suppose that firms compete a la Stackelberg. Formation of an L-M 
FTA acts as a building block via overlapping FTAs only when 1.045 < d < d™. 
Otherwise, MFT is never realized under either overlapping or expanding regimes. 


Figure 2.8 summarizes Propositions 2.5 and 2.6. In region 1, MFT is not realized 
through both regimes, although an L-M FTA can be formed. In region 2, only an 
L-M FTA acts as a building block through an overlapping regime. Any kind of FTA 
can be formed in region 3. In region 4, MFT is not achieved, although an M-S FTA 
can be negotiated (partial liberalization). 

Let us consider the intuition behind Proposition 2.6. An L-M FTA can act 
as a building block for MFT only when bilateral FTAs are formed in the order 
corresponding to L-M, L-S, and M-S FTAs. Consider country L. The formation 
of an L-M FTA lowers the external tariff on country S. This tariff complementarity 
effect reduces the loss of profits of home firm L in the home market by the formation 
of an L-S FTA under an L-M FTA. However, the increased profits of home firm L in 
market S are unchanged because the tariff levied by country S remains at the same 
level if an L-M FTA is formed. That is why country L has an incentive to form an 
L-S FTA under an existing L-M FTA, although country L has no incentive to form 
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Fig. 2.6 Attainable paths under Cournot competition 
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Fig. 2.8 Summary of results 


it in the initial situation. The same logic is applied to country M for the formation 
of a spoke-spoke M-S FTA. 

Let us consider how the mode of competition affects the feasibility of MFT 
through formation of a bilateral FTA. Figures 2.6 and 2.7 indicate that Stackelberg 
competition reduces the attainability of MFT. Suppose that L-M FTA is formed. 
Under Cournot competition, formation of an L-S FTA as well as an M-S FTA 
may act as a building block via overlapping FTAs. However, under Stackelberg 
competition, while an L-M FTA may be a building block, an M-S FTA is never 
achieved. We should note that Stackelberg competition, as compared with Cournot 
competition, reduces the feasibility of an L-M FTA. In addition, as shown in Fig. 2.8, 
there is a possibility of no liberalization under Stackelberg competition, while at 
least one kind of FTA is formed under Cournot competition. Therefore, this chapter 
shows that the feasibility of MFT through a bilateral FTA depends on not only 
differences in market size but also competition mode. 
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2.5 Concluding Remarks 


In this chapter, we examine how the mode of competition affects the feasibility 
of MFT through formation of a bilateral FTA in the three-country model with 
asymmetric markets. 

The main conclusion we obtain in this chapter is as follows: As compared with 
Cournot competition, Stackelberg competition lowers the feasibility of a bilateral 
FTA as well as the attainability of MFT. 

In this chapter, we assume that the market sizes of all countries are different. 
Therefore, it is interesting to confirm the robustness of results under a symmetric 
market case. It would be interesting to introduce price competition and/or asymme- 
try among firms into this model. 
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Chapter 3 
Sustainability of Free Trade Agreements Under 
a Maximum Revenue Tariff 


Makoto Okamura and Takao Ohkawa 


Abstract This chapter examines the sustainability of multilateral free trade (MFT) 
or a bilateral free trade agreement (FTA) in a welfare-maximizing tariff regime 
compared with that in a revenue-maximizing tariff regime. To do so, we construct a 
framework consisting of three countries, each of whose markets are segmented, and 
three firms, each of which supplies its product in the three markets. We examine 
the sustainability of the FTAs by using a repeated game setting. We establish the 
following: (1) MFT is less sustainable in a revenue-maximizing tariff regime than 
in a welfare-maximizing tariff regime, while a bilateral FTA has almost the same 
sustainability in both regimes. (2) Suppose that a bilateral FTA is formed. Expansion 
of the FTA is more sustainable in a revenue-maximizing tariff regime than in a 
welfare-maximizing tariff regime. An FTA may be a building block (a stumbling 
block) to MFT in a revenue-maximizing tariff regime (a welfare-maximizing tariff 
regime). 


Keywords FTA • MFT œe Sustainability ° Welfare-maximizing tariff regime e° 
Revenue-maximizing tariff regime 


3.1 Introduction 


There is some research about the sustainability of multilateral free trade (MFT) 
and/or regional trade agreements (RTAs), 1.e., FTAs and customs unions (CU), 
even if they are restricted to a theoretical approach using a repeated game with a 
homogenous Cournot oligopoly. Fung and Schneider (2005) and Saggi et al. (2007), 
for instance, dealt with the sustainability of MFT. Fung and Schneider (2005) 
considered trade integration between North and South countries by examining a 
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two-country segmented market model with differences in both market size and wage 
rate and showed that an increase in these differences deteriorates the sustainability 
of trade integration. Saggi et al. (2007) compared the degree of the sustainability of 
MFT in the most favored nation (MFN) regime with that in the tariff discrimination 
regime in the asymmetric trio-poly model. They showed that MFN increases the 
likelihood of MFT sustainability. 

Freund (2000) compared the sustainability of an RTA, i.e., FTA and CU, with that 
of MFT in a repeated game with three symmetric countries with segmented markets 
and showed that MFT is more likely to be sustainable than an RTA. Nielsen (2006) 
considered whether an RTA is a stepping stone or a stumbling block to global free 
trade by comparing the equilibrium in a static RTA/MFT formation game with that 
in a dynamic one. He constructed the countries’ segmented markets with different 
sizes. He showed that a CU (MFT) is supported at static equilibrium, while MFT (a 
CU) is supported at dynamic equilibrium under a certain market size difference and 
concluded that a stepping stone (a stumbling block) to MFT prevails. 

While the abovementioned articles examined sustainability under “noncoopera- 
tive” regimes where no countries form RTAs, Saggi (2006) and Missios and Yildiz 
(2015) examined the sustainability of MFT in the situation where an RTA is formed. 
Using three symmetric countries with segmented markets, Saggi (2006) established 
the following results: Suppose that a bilateral FTA (a bilateral CU) is formed. 
MFT is less sustainable under an RTA regime than under a “noncooperative” 
regime because the existing FTA (CU) reduces the range of the nonmember’s 
sustainability (CU members’ sustainability). Missios and Yildiz (2015), whose 
research can be regarded as an extension of Saggi’ s (2006), constructed a four- 
country model consisting of two efficient North countries and two inefficient South 
countries and considered the three types of RTAs, 1.e., North—North FTA, North- 
South FTA, and South-South FTA. They showed the possibility that only the 
South-South RTA becomes a stepping stone to MFT in the sense that the range of 
sustainability of MFT under the South-South RTA regime is wider than that under 
the “noncooperative” regime in certain conditions. 

Although previous researchers present richer results about the sustainability of 
RTAs and/or MFT, they assume that a country’s government sets its tariff rate in 
order to maximize its welfare when it does not join an RTA or MFT or when it 
becomes an RTA or MFT member and imposes an external tariff on outsider firms. 
In other words, a government can be regarded as a benevolent dictator. 

However, Brennan and Buchanan (1977) presented an alternative view: the 
government can be regarded as a Leviathan, i.e., tax revenue maximizer. This view 
has filtered into the fields of economics. In the field of tax competition, for instance, 
Edwards and Keen (1996) and Itaya et al. (2014) dealt with the behavior of a 
Leviathan government. In international economics with oligopoly, Collie (1991) 
and Clarke and Collie (2006) compared the equilibrium outcome if the tariff-setting 
government is a welfare maximizer or a revenue maximizer. 

This chapter examines the sustainability of an FTA and/or MFT in the situation 
where the government behaves like a Leviathan government, imposing a tariff on the 
foreign (outsider) firms, and compares the range of sustainability. Note that each of 
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the Leviathan governments is assumed to behave as welfare maximizer only when 
it forms MFT or FTA. 

We establish the following. (1) MFT is less sustainable in a revenue-maximizing 
tariff regime than in a welfare-maximizing tariff one, while a bilateral FTA is almost 
as sustainable in a revenue-maximizing tariff regime as in a welfare-maximizing 
tariff regime. (2) Suppose that a bilateral FTA is formed. Expansion of the FTA 
is more sustainable in a revenue-maximizing tariff regime than in a welfare- 
maximizing tariff regime. An FTA may be a building block (a stumbling block) to 
MFT in a revenue-maximizing tariff regime (a welfare-maximizing tariff regime). 

The rest of this chapter is organized as follows. Section 3.2 presents our analytical 
model. Section 3.3 shows the preliminary results. In Sect. 3.4 (3.5), we consider 
the sustainability of MFT (FTA) in the above two tariff regimes. In Sect. 3.6, we 
examine whether FTA is a building block or a stumbling block for MFT. Section 3.7 
concludes. 


3.2 Setup 


We construct the model used in Freund (2000) and Saggi (2006). There are three 
countries, country 1, country 2, and country 3. Each country i(= 1,2,3) has a 
symmetric segmented market i, whose demand function is given by 


pi =a—Qi, (3.1) 


where a is demand parameter and Q; is total output in the market i. 
There are three firms: firm 1, firm 2, and firm 3. Firm A is in country h(= 1, 2, 3). 
The quantities supplied by firm / in market i are represented by qin. Note that 


Qi = gi + q2 + qi. (3.2) 


The unit cost supplied by firm / in market i is represented by 0 < c(< a). Each firm 
h faces a specific tariff rate tip when it operates in market i. Note also that t; = 0. 
From (3.1) and (3.2), the firm h’s profit in market i denoted by zr, is 


Tin = (Pi — € — tin) in = (a — c — tin — Qi) Gin. (3.3) 
Henceforth, we assume that a — c = 1 for simplicity. 


Each firm A behaves in a Cournot fashion in each market i given the tariff rate ti. 
We derive the following function from the first-order condition as 


din = (1 — tin) — Qi. (3.4) 
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Using Cournot aggregation in Bergstrom and Varian (1985), from (3.4) we obtain 
the total output in market i as 


1 3 
Q=: £ — yr] , (3.5) 
h=1 


Substituting (3.5) into (3.4) yields 


1 
din = z | 1-3ta + 2 l (3.6) 


From (3.3) and (3.6), we have 


1 
min = (Xin)? = Te |1- 3tn+ Di (3.7) 
Ixh 


3.3 Preliminary Results 


In this section, we derive the equilibrium outcomes of a Nash tariff-setting game 
and free trade. In Sect. 3.3.1, we deal with the Nash tariff-setting game, where each 
government behaves as a welfare maximizer, while we consider the case where it 
behaves as a tariff revenue maximizer in Sect. 3.3.2. We examine the free trade case 
in Sect. 3.3.3. We summarize the equilibrium outcomes in these cases in Sect. 3.3.4. 


3.3.1 Welfare-Maximizing Tariff Game 


Each government sets its tariff rate fj, to maximize its welfare W;, which is defined 
as the sum of consumer surplus CS;, producer surplus PS;, and tariff revenue TR;. 
From (3.5), (3.6), and (3.7), we can express W; as 


W; = CS; + PS; + TR;, 


3 
1 
= 593 + ait) an) + > tinan, (3.8) 
mi h=1 


where t; = 0. The first-order condition for welfare maximization is 


oW; 00; Odi Odi odi 
m e + 2g T (an F tin F a) =0 
ih 
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where (i,h,/) = (1,2,3) andi Æ h,i Æ l, and h Æ 7 from (3.8). After some 
manipulation, (3.9) can be transformed into 


3 — 21ty, + llt = 0. (3.10) 
From (3.10), therefore, we obtain the equilibrium tariff rate 
3 
W Ww 
Y = e" =, 3.11 
ih il 10 ( ) 
where the superscript NW stands for a welfare-maximizing tariff in a Nash tariff- 


setting game. From (3.6), (3.7), (3.8), and (3.11), we can derive the equilibrium 
outcomes. 


3.3.2 Maximum Revenue Tariff Game 


Each government i is supposed to set its tariff rate t (i Æ h) to maximize its tariff 
revenue, TR;, which is given by 


TR; = X tingin (3.12) 
hAi 


from (3.8). The first-order condition for tariff revenue maximization 1s 


Odii gil 
i +t z =O, 
a Otin Otih 
which can be transformed into 
1 — 6t + 2ta = 0. (3.13) 


where i Æ h, i Æ l, and h Æ I. From (3.13), therefore, we derive the maximum tariff 
rate 


(3.14) 


where the superscript NM stands for a revenue-maximizing tariff in a Nash tariff- 
setting game. From (3.6), (3.7), (3.8), and (3.14), we can derive the equilibrium 
outcomes. 
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Table 3.1 Equilibrium 


Cases N outcomes CS; |; |m | TR? 
outcomes in NW, NM, and 


ii im 


. . . . 9 4 1 3 
FT cases Welfare-maximizing tariff (NW) | = ee Wao. la 
Revenue-maximizing tariff (NM) | |4 á I£ 
Free trade (FT) = + + 0 
3.3.3 Free Trade 
In free trade, the tariff vanishes, i.e. 
p =O, (3.15) 


y 


where the superscript FT stands for free trade. From (3.6), (3.7), (3.8), and (3.15), 
we can derive the equilibrium outcomes. 


3.3.4 Equilibrium Outcomes 


We show the equilibrium outcomes in country i under the above three cases in 
Table 3.1. Note that i Æ m and that n = NW, NM, and FT. 
From (3.11), (3.14), and Table 3.1, we derive the following result. 


Proposition 3.1 


(i) The equilibrium tariff rate under a welfare-maximizing tariff regime is higher 
than that under a revenue-maximizing tariff regime. 

(ii) The equilibrium welfare level under a welfare-maximizing tariff regime is also 
higher than that under a revenue-maximizing tariff regime. 


From Table 3.1, we recognize that the switching tariff regimes from revenue 
maximizing to welfare-maximizing enhances only the home market’s profit Ti, 
whereas it reduces the other components. Since the increase in the home market’s 
profit dominates the decrease in the other components, the welfare level under a 
welfare-maximizing tariff regime is higher than that under a revenue-maximizing 
tariff regime. Proposition 3.1 therefore implies that if the government behaves in a 
more protective fashion, then it improves its welfare. 


3.4 Sustainability for MFT Under No FTA 


In this section, we examine the sustainability of MFT among countries i, j, and 
k in the situation where no governments form a bilateral FTA using a repeated 
game setting. We assume that each country’s government determines the formation 
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of MFT or FTA from a welfare viewpoint. We also assume a common discount 
factor denoted by 6; € (0,1) fori = 1,2,3. We solve for equilibrium where all 
governments play a Nash tariff-setting game using the grim trigger strategy for 
punishment. 

We consider the sustainability of MFT when a welfare-maximizing tariff (a 
revenue-maximizing tariff) 1s set in Sect. 3.4.1 (3.4.2). The Sect. 3.4.3 compares two 
sustainable conditions. 


3.4.1 Sustainability of MFT Under a Welfare-Maximizing 
Tariff 


We consider the sustainability of MFT when a welfare-maximizing tariff rate is 
set in the Nash tariff-setting game. Using a grim trigger strategy, we obtain the 
sustainable condition of MFT as follows: 


1 ĝi 
a > WPW 4 o (3.16) 


where WPW T is a country i’s welfare when its government deviates from MFT 
and set its tariff rate to maximize its welfare. Since all markets are segmented and 
all firms use production technology with constant returns to scale, the tariff rate is 
equal to old in the deviation stage. Therefore, country i7’s welfare in the deviation 
stage is given by 


WPI = CSP" + oa Hag + mg + TRS. (3.17) 
We can obtain a critical value of the sustainability for MFT from (3.16) and (3.17) as 


5 > FTW — Wee 7 Wit 
1> “i ~ yyDW—FT _ ywNW 
W; W; 


7 (CS, — CS7*) + (it — aie") + TRY” 


(3.18) 

eri — Ti) 4 (a = m) 

From Table 3.1 and (3.18), after some calculations, we have 
{~a va 15 0.536 (3.19) 


200 
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3.4.2 Sustainability of MFT Under a Maximum Revenue Tariff 


We consider the sustainability of MFT when a maximum revenue tariff rate is set 
in the Nash tariff-setting game. Sustainable conditions of MFT similar to (3.16) are 
obtained. In the deviation stage, the tariff rate set by country 7’s government equals 
tv. Therefore, we have 


DM—FT FT 
Wi =W; 


5, > ar WET W 
i WDM—FT _ yyNM 
= (CS = CSi) + (ri = ma ) + TR (3.20) 
(m = i") ats (rE — iy) 
where W?"—*" is a country i’s welfare when its government deviates from MFT. 


From Table 3.1 and (3.20), after some calculations, we have 


7 

7 

5PM ge NSS He 058). (3.21) 
i 3 12 


3.4.3 Comparison of Sustainable Conditions 


From (3.19) and (3.21), we establish 


Proposition 3.2 Suppose that no governments form bilateral FTAs. The govern- 
ment that adopts a welfare-maximizing tariff in a Nash tariff-setting game is more 
willing to sustain MFT than the government that adopts a maximum revenue tariff. 


We consider the per stage benefits of deviation from MFT, given by 


(WPW-FT _ WET) _ (WPM-FT E wT) 
(Ss =C A = AORT — TR) (3.22) 


9 7 
= — — — w 0.00156 > 0 
160 128 


from Table 3.1. We also consider the per stage costs of deviation from MFT, given by 


(porr B wr) _ (WPM-FT wm) 


= (mh — i) + i — 2") (3.23) 
21 3 

= — — — = 0.01125 > 0 
200 32 
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The welfare-maximizing tariff rate is higher than the revenue-maximizing tariff 
rate from (3.11) and (3.14). This means that the first and the third terms of (3.22) 
are negative, while the second one is positive. This also means that the first and 
the second terms of (3.23) are positive. Certainly, both the benefits and the costs 
associated with deviation are positive, but the benefits are smaller than costs. 
Therefore, deviation from MFT in the welfare-maximizing tariff case is costlier than 
in the revenue-maximizing tariff case. That is why MFT in the welfare-maximizing 
tariff case is more sustainable than in the revenue-maximizing tariff case. 


3.5 Sustainability of an FTA Under No FTA 


In this section we examine the sustainability of a bilateral FTA. We solve the 
external tariff rate for firm k when a bilateral FTA between countries i and j and 
show the equilibrium outcomes in the FTA in the Sect. 3.5.1. In Sects. 3.5.2 and 
3.5.3, we explore the sustainability of an FTA between countries i and j with a 
welfare-maximizing tariff (a revenue-maximizing tariff). We show the results in the 
Sect. 3.5.4. 


3.5.1 External Tariff Rate 


Suppose that a bilateral FTA between countries i and j is formed. Then t; = t; = 0. 
The adoption by government i of a welfare-maximizing tariff, substituting t; = 0 


into (3.10), yields the external tariff rate t% that is imposed on firm k: 
wl (3.24) 
ik — 7 . . 


If government i adopts a revenue-maximizing tariff, substituting t; = 0 into (3.13) 
yields the external tariff rate t7”, which is given by 


l 
M_ + 
H E. (3.25) 


From (3.24) and (3.25), we establish 


Proposition 3.3 The external tariff rate imposed on a nonmember firm in the 
welfare-maximizing tariff case is smaller than that in the revenue-maximizing tariff 
case. 


From (3.6), (3.7), (3.8), (3.24), and (3.25), we derive the equilibrium outcomes of 
FTA member countries. They are shown in Table 3.2 where n = AW, AM. Note that 
the profit level of the member country’s firm in the nonmember country k’s market 
is equal to its profit level in the Nash tariff-setting game. 
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Table 3.2 Equilibrium outcomes of FTA members 


n n n n n 

Cases N outcomes CS; Tii Tij Tik TR; 
a . 25 4 4 l l 
Welfare-maximizing tariff (AW) T rc G 0 ro 
Revenue-maximizing tariff (AM) 282 a 49 A 1 
115 576 576 100 48 


Table 3.3 Equilibrium outcomes of FTA nonmember 


n n n n n 

Cases N outcomes CS% Tik Tk; Tk TR% 
niy; . 9 4 I L 3 
Welfare-maximizing tariff (AW) ae F T T i 
are 28 9 1 EN I 
Revenue-maximizing tariff (AM) TA a a a i 


When both countries 7 and j form a bilateral FTA, the outsider country k’s 
equilibrium outcomes are also derived from (3.7), (3.24), (3.25), and Table 3.1, as 
shown in Table 3.3. 

From (3.24) and (3.25), and Tables 3.2 and 3.3, we derive 


Proposition 3.4 


(i) The equilibrium tariff rate under a welfare-maximizing tariff regime is lower 
than that under a revenue-maximizing tariff regime. 

(ii) The levels of welfare in both member and nonmember countries under a 
welfare-maximizing tariff regime are lower than under a revenue tariff regime. 


According to Tables 3.2 and 3.3, switching from a welfare-maximizing tariff regime 
to a revenue-maximizing tariff regime enables member countries to enhance tariff 
revenue as well as their firms’ profits in member countries’ markets, while it enables 
them to reduce consumer surplus. These changes are caused by an increase in the 
external tariff rate, and the reduction in consumer surplus dominates the enhanced 
tariff revenue and firm profits. Thus, a member country’s government improves its 
welfare by implementing a more protective policy toward a nonmember firm. 

For a nonmember country, however, the switch enhances consumer surpluses and 
tariff revenue and reduces producer surplus, because of the decrease in the tariff rate 
imposed by the nonmember country’s government and the increase in the external 
tariff rate. The former increase dominates the latter decrease. Thus, a nonmember 
country’s government improves its welfare by implementing a more less protective 
policy toward a member firm. 


3.5.2 Sustainability of an FTA Under a Welfare-Maximizing 
Tariff Regime 


The sustainable condition is given by 


1 Ôi 
W > WPA 4 W, (3.26) 


3 Sustainability of Free Trade Agreements under a Maximum Revenue Tariff 49 
where ww is country i’s welfare when its government deviates from the FTA 
and sets its tariff rate to maximize its welfare. As mentioned above, the tariff rate 
is equal to ¢” for m = j,k in the deviation stage. Therefore, member country i’s 
welfare in the deviation stage is given by 


We = CS ban a a + TRY. (3.27) 
From (3.26) and (3.27), we obtain 


DW—A __ AW 
5:> 54W — W, W; 
1 “i — — 


(CSV — Cs) + Ga” =a") + GR” — TR) 


AW NW 


(3.28) 


We can obtain a critical value of the sustainability of an FTA from Tables 3.1 
and 3.2 as 


= 70 
84W — -O — — x 0.598. (3.29) 
; 31 447 

4900 


From (3.19) and (3.29), we establish 


Proposition 3.5 (Freund 2000) Suppose that all governments adopt a welfare- 
maximizing tariff. MFT is more sustainable than FTA between countries i and j. 


We compare the per stage cost of deviation from MFT within an FTA. Certainly both 
the benefit and cost of the deviation from MFT are higher than those of the deviation 
from FTA, i.e., 7 œ~ 0.0563 > 0.043 ~ 4 and =. ~ 0.105 > 0.072 ~ =, 
due to the existence of outsider country k that plays a Nash tariff-setting game. 
However, the benefit is smaller than that the cost. This implies that the punishment 
of deviation from MFT is more severe than that from an FTA. That is why MFT is 


more sustainable than an FTA. 


3.5.3 Sustainability of an FTA Under a Maximum Revenue 
Tariff Regime 


In the deviation stage, the welfare level of country 7 is given by 


Wee OS H Re, (3.30) 
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From (3.30), we derive the sustainable condition as follows: 


DM—A __ WAM 
5: > AM = Wi w; 
Loa = DM—A NW 
W, B W, 


— (CS — CSH) + (i — ng") + (TR — TR) 


AM _ a 


(3.31) 


Tables 3.1 and 3.2 enable us to calculate the explicit number of the critical value 


54M as 


64 = === 06. (3.32) 


Sla| L- 


From (3.21) and (3.32), we establish 


Proposition 3.6 Suppose that all governments adopt a revenue-maximizing tariff. 
MFT is more sustainable than an FTA between countries i and j. 


3.5.4 Comparison Between Two Tariff Schemes 


We make a comparison of the sustainability of an FTA under a welfare-maximizing 
tariff scheme and a revenue-maximizing tariff scheme. From (3.29) and (3.32), we 
establish 


Proposition 3.7 An FTA with a welfare-maximizing tariff is almost as sustainable 
as an FTA with a revenue-maximizing tariff. 


Subtracting the benefit of the deviation with the maximum revenue tariff from that 
with the welfare-maximizing tariff yields approximately 0.001, while subtracting 
the cost of the deviation with the maximum revenue tariff from that with the welfare- 
maximizing tariff yields approximately 0.003. This mean that the punishment of 
deviation from an FTA with the welfare-maximizing tariff is more severe than that 
with the maximum revenue tariff, because the difference between the Nash tariff 
rate and the external tariff one with the welfare-maximizing tariff is higher than the 
difference between the tariffs with the maximum revenue tariff from Proposition 3.3. 


3.6 Sustainability of MFT Under a Bilateral FTA 


This section examines the sustainability of MFT under both welfare-maximizing 
tariff and maximum revenue tariff regimes, given a bilateral FTA. Hereafter, we 
can focus on whether outsider country 1 joins an FTA between countries 2 and 3 
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under the assumption of symmetric countries and firms. Following Saggi (2006) 
and Missios and Yildiz (2015), we assume that a given FTA is not terminated. 
In Sect. 3.6.1, we solve the critical value of the discount factor on MFT under 
a welfare-maximizing tariff; we solve it under a revenue-maximizing tariff in 
Sect. 3.6.2. We consider whether an FTA becomes a building block or a stumbling 
block to free trade in Sect. 3.6.3. 


3.6.1 Sustainability Under a Welfare-Maximizing Tariff 
Regime 


First, we consider the sustainable condition under which an outsider country 1 
becomes a member of MFT. The condition is expressed as 


ĝi 
wrt > wPw-FI—23 Sy 
i > l=; 





(3.33) 


where Wr W-FT~23 is country 1’s welfare level such that country 1’s government 
deviates from MFT, and W^” is the level of country 1’s welfare such that country 
l is regarded as an outsider under the FTA between countries 2 and 3. These welfare 
levels are given by 


WPW — CST" 4 oath + whl + hy + TRI", (3.34) 
WS SS ae aa ae SR (3.35) 


From (3.33) through (3.35) and Tables 3.1 and 3.3, we solve the critical value of 
sustainability of MFT for a nonmember country as follows: 


ER gET-w-23 WoW _ wit 
wer T—23 — WY W—23 
(CST =S + (ay — ayy) + TRI 
p (m -— m ) T (r31 — 31" ) 
a _ 0.05625 
33 ~~ 0.08418 
— d ~ 0.6682. (3.36) 





Next, we consider the sustainability of MFT for member country i(= 2, 3). The 
sustainability condition is expressed as 


wre > Ve ae J 


T” = — wr", (3.37) 
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where WPW-*T-23 ig member country i’s welfare level when it deviates from MFT 


and does not deviate from the FTA. From (3.37) and Tables 3.1 and 3.2, we derive 
the critical value of ô;: 
WwDW-FT—-23 _ yyFT 


Ss CREW 8. 
ix Oi — _FT_ 
wew FT—23 _ waw 


(CSW — CSET) + (xf — nET) + TROY 


A AW 
(i — i ) F (i — Tii 


21 
DE 0.01339 


327 X 
3800 0.03337 


8575 
= —— w 0.401 (3.38) 
21364 





for (i,j) = (2,3) andi Æ j. From (3.36) and (3.38), we establish 


Proposition 3.8 Suppose that a bilateral FTA is formed. If the discount factor of 


all countries is not less than the critical value =, then the MFT is sustainable. 


When nonmember country | deviates from MFT, firm 1 is protected by the Nash 
tariff in market | and faces free trade in markets 2 and 3; however, when member 
country 2, for instance, deviates from MFT, the external tariff is imposed on firm 1 
in market 2, and no tariffs exist in markets 1 and 3. The benefit of the deviation for 
nonmember country 1 is therefore much larger than that for member country 2. 

The cost of the deviation for nonmember country 1 is the reduction of firm 1’s 
profit by imposition of the external tariff in markets 2 and 3; however, the cost for 
member country 2 is the net reduction of firm 2’s profit consisting of the profit 
reduction imposed by the Nash tariff in market | and the profit increase caused 
by imposition of the external tariff on firm 1 in market 3. Therefore, the cost of 
deviation for nonmember country | is relatively larger than that for member country 
2. Thus, the incentive to deviate from MFT for a nonmember is larger than that for 
a member country. Note that the proposition 3.6 can also be explained by the same 
logic as that in Proposition 3.8. 


3.6.2 Sustainability Under a Revenue-Maximizing Tariff 
Regime 


We derive the sustainable condition of MFT such that nonmember country | joins 
the bilateral FTA between countries 2 and 3, which is given by 


DM—FT—23 FT 
Wi 7 Wi 


8, > aT a 3.39) 
wpm FT—=23 wr 2 


3 Sustainability of Free Trade Agreements under a Maximum Revenue Tariff 53 


where WPM-FT-233 (Ww 5) denotes the welfare level of country 1 in the deviation 


stage (in the punishment stage). These welfare levels are defined as 


WPMD — CSM + ai +a +3 + TRY, (3.40) 
WIM = CST 4 wi + ag + i + TR. (3.41) 


From (3.39) through (3.41) and Tables 3.1 and 3.3, we derive the critical value of 
sustainability of MFT for a nonmember country as 
gFT-M-23 _ (CS — CS) + a =m) FTR 
A S a a a a 
(a5) — 5") + (37 — 51" 


|~ 


5 _ 0.05469 
~ 0.09375 


1 


N 





| ~ le 


zx 0.583. (3.42) 


—_— 
NO 


We os (ye) denotes the welfare level of FTA member country i(= 
2,3) in the deviation stage (in the punishment stage). The sustainable condition for 
member country i(= 2, 3) is expressed as 


DM—FT—23 __ FT 
pe gTM- _ W, W, 
— “i 


DM—FT—23 AM 
W, B W, 


(CSP — CSET) + (m4 — nf") + TRM 


FT AM FT AM 
(mi; — Tii ) + (1; — ji 


(3.43) 


for (i,j) = (2,3) andi Æ j. From (3.43) and Tables 3.1 and 3.2, we calculate the 
critical value, 841 -™-3; 





15 
i eLa 0.0243 


= 5 ~ 0.536. (3.44) 


Using the same logic as in the welfare-maximizing tariff case, the benefit of 
deviation for a nonmember is much larger than that for members, while the cost 
of deviation for a nonmember is relatively larger than that for members. This means 
that the nonmember’s incentive to deviate from MFT is greater than the member’s. 
Thus we establish 


Proposition 3.9 Suppose that a bilateral FTA is formed. If the discount factor of 


all countries is not less than the critical value > then the MFT is sustainable. 
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3.6.3 Does FTA Become a Building Block or a Stumbling 
Block to MFT? 


First we consider which tariff regime makes MFT more sustainable under a given 
FTA. Comparing (3.36) with (3.39), we obtain the following result. 


Proposition 3.10 Suppose that a bilateral FTA is formed. Under the FTA, MFT 
in the revenue-maximizing tariff regime is more sustainable than in the welfare- 
maximizing tariff regime. 


The intuition behind Proposition 3.10 is as follows. The comparison of (3.11) 
with (3.14) indicates that the welfare-maximizing government sets its tariff rate 
larger than the revenue-maximizing government in a tariff-setting game, as pointed 
out in Proposition 3.1. This implies that the benefit of deviation from MFT for a 
nonmember in the welfare-maximizing regime is larger than that in the revenue- 
maximizing regime. That is, 


wew Ft 23 _ WET ~ 0.05625 > 0.05469 x WPT 3 — wrt 


Comparing the external tariff rate between in the two tariff regimes from (3.24) 
and (3.25), however, we obtain that the external tariff rate in the welfare-maximizing 
tariff regime is smaller than that in the revenue-maximizing tariff regime as shown in 
Proposition 3.3. This implies that the punishment in the welfare-maximizing regime 
is less severe than that in the revenue-maximizing regime. That is, 


WPB — Wis ~ 0.08418 > 0.09375 x WPM ETR — wW”. 


Therefore, the welfare-maximizing government faces a higher critical value of 
the discount factor ensuring MFT sustainability than the revenue-maximizing 
government. 

Next we consider whether a bilateral FTA is a building block or a stumbling 
block to MFT. From (3.19) and (3.36), as shown in Saggi (2006, Lemma 5), 
the bilateral FTA enhances the critical value of the discount factor, ensuring 
sustainability of MFT in the welfare-maximizing tariff regime. In the revenue- 
maximizing tariff regime, however, the bilateral FTA does not alter the critical value 
by comparing (3.21) and (3.39). Thus we establish 


Proposition 3.11 Suppose that a bilateral FTA is formed. A bilateral FTA may 
become a stumbling block toward free trade in the welfare-maximizing tariff regime, 
but it becomes a stepping stone in the revenue-maximizing regime. 


Proposition 3.11 states that if each country’s government is a benevolent government 
(a Leviathan government) when it sets its tariff rate, then an FTA deteriorates 
(facilitates) global free trade. Proposition 3.11 also suggests that whether a bilateral 
FTA is a stepping stone or a stumbling block depends on the regime of tariff setting. 
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3.7 Concluding Remarks 


In this chapter, we examine the sustainability of MFT or a bilateral FTA under the 
following two regimes: welfare-maximizing tariff regime and revenue-maximizing 
tariff regime. To do so, we construct the framework consisting of three countries, 
each of whose market is segmented, and three firms, each of which supplies its 
product in the three markets. We examine the sustainability of the FTAs by using a 
repeated game setting. We establish the following: (1) MFT is less sustainable in a 
revenue-maximizing tariff regime than in a welfare-maximizing tariff regime, while 
a bilateral FTA is almost as sustainable in a revenue-maximizing tariff regime as 
in a welfare-maximizing tariff regime. (2) Suppose that a bilateral FTA is formed. 
Expansion of the FTA is more sustainable in a revenue-maximizing tariff regime 
than in a welfare-maximizing tariff regime. An FTA may be a stepping stone 
(a stumbling block) to MFT in a revenue-maximizing tariff regime (a welfare- 
maximizing tariff regime). 

Our analysis focuses only on FTAs. Our model focuses on the three symmetric 
countries with segmented markets where three symmetric firms operate. Directions 
for further research include the following. First, we deal with the sustainability 
of customs unions. Second, we extend our model to N symmetric countries with 
segmented markets and N symmetric firms. Third, we introduce asymmetric factors, 
for instance, market size differences and cost differences, into our model. 
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Chapter 4 
Technology Choice, Firm Behavior, and Free 
Trade Agreements 


Ryoichi Nomura, Makoto Okamura, and Takao Ohkawa 


Abstract This chapter examines how the formation of a free trade agreement (FTA) 
affects firms’ technology choices as well as the importing country’s welfare in a 
three-country model. The main conclusions are as follows: (1) The formation of an 
FTA strengthens the incentive for the member country firm to invest and weakens 
that of the nonmember country firm. (11) The FTA may encourage or discourage 
adoption of new technology by exporting firms. (111) Only when the formation of an 
FTA encourages adoption of new technology may the FTA increase the importing 
country’s welfare; generally, it tends to decrease welfare. 


Keywords FTA « Cost-reducing R&D *Ħ Technology choice 


4.1 Introduction 


This chapter examines exporting firms’ R&D activities in a three-country model, 
where two exporting countries and one importing country exist. We analyze how a 
free trade agreement (FTA) between an importing country and one of two exporting 
countries affects firms’ R&D activities and the importing country’s welfare. We 
define the FTA as an elimination of import tariffs against a member exporting 
country. 

In a three-country framework, to our knowledge, few attempts have so far been 
made to describe the relationship between firms’ R&D activities and import tariff 
policy. Choi (1995), in his pioneering work, considered the effects of optimal tariffs 
on the technology choice of exporters under the discriminatory tariffs regime and 
the most favored nation (MFN) clause in the following three-stage game: In the first 
stage, all firms in the exporting countries invest in cost-reducing R&D activities. In 
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the second stage, the government of the importing country imposes an import tariff. 
In the third stage, all firms export their products to the importing country market 
and compete in Cournot fashion, given the cost level and tariff in place. Choi (1995) 
showed that a lower marginal cost technology is chosen under the MFN clause, 
and the importing country’s long-run welfare increases with adoption of the MFN 
clause, while in most cases the exporting countries’ welfare decreases. 

Based on Choi (1995), Hwang et al. (1997) investigated two cases: (1) a short- 
run case where firms’ cost conditions are given and constant and (i1) a long-run 
case where firms can invest in cost-reducing R&D activities. They showed that the 
importing country’s welfare is higher under the discriminatory tariffs than under the 
uniform tariffs in the short run, while it is lower under the discriminatory tariffs than 
under the uniform tariffs in the long run. Liao (2008) introduced a spillover effect of 
R&D into Choi (1995)’s model and showed that results in Choi (1995) hold unless 
the spillover effect is large. 

These previous studies have common features as follows: (1) a firm’s marginal 
increase in R&D expenditures always reduces its marginal cost and (11) both firms 
necessarily undertake innovative activities in the equilibrium. 

In reality, however, the marginal increase does not always reduce the marginal 
cost, and all firms do not necessarily undertake innovative activities. Mills and Smith 
(1996) considered technology choice in duopoly by assuming a simple case: only 
when a firm pays a certain amount of R&D expenditure can it reduce its marginal 
cost. They showed that, if the level of R&D investment is medium, then only one 
firm undertakes innovative activity. Based on Mills and Smith (1996), therefore, 
we address an all-inclusive situation including unilateral and bilateral innovative 
activities in the equilibrium. 

In addition, it seems to be difficult to impose the discriminatory tariff among 
WTO member countries. We consider the formation of FTA between the importing 
country and one of two exporting countries, which can be implemented under the 
WTO system. We can regard it as a measure of discriminatory tariff policy. 

Main conclusions are as follows: (1) The formation of an FTA strengthens the 
incentive for the member country firm to invest, while it weakens the incentive 
for the nonmember country firm. (11) The FTA may encourage or discourage 
adoption of the new technology by exporting firms. (111) When the formation of FTA 
encourages (discourages) adoption of the new technology, it may increase (decrease) 
the importing country’s welfare. 

The rest of the chapter is organized as follows: Sect. 4.2 describes the model. 
Section 4.3 presents the preliminary results. Section 4.4 shows the main results. 
Section 4.5 investigates how the FTA affects the importing country’s welfare. The 
final Sect. 4.6 offers conclusions. 
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4.2 Model 


Consider an economy with two exporting countries (denoted by country | and 
country 2) and one importing country (denoted by country 3). Each exporting 
country has a single firm that produces a homogeneous good and exports it to an 
importing country market. The linear inverse demand function of the market is 
given by 


P=a-Q (4.1) 


where P is a market price of the product, a represents market scale, and Q is total 
output. For simplicity, we assume a = 1. 

Each firm can reduce its marginal cost to zero by the cost-reducing R&D 
investment before production. A cost function of firm i(= 1,2) is described as 
follows: 


Ge F, if it undertakes R&D activity (4.2) 


cqi, otherwise 


where c (F) is a marginal cost (R&D expenditure) of firm i. We assume f >c>0 


to ensure a nonnegative condition for output under all patterns of technology chosen 
by firms. 

The government of an importing country may impose an import tariff t; per 
product exported by firm i. We examine a uniform tariff, that is, ti = t, except for 
under the FTA regime. The government sets its tariff rate t to maximize its welfare. 

Consider the following three-stage game. In the first stage, both firms simulta- 
neously determine whether to undertake the cost-reducing R&D investment. In the 
second stage, the government of the importing country decides the level of import 
tariff to maximize its national welfare. In the third stage, given the technology 
chosen and the level of import tariff, both firms engage in Cournot competition 
in the importing country market. 

From Eqs. (4.1) and (4.2), the profit of firm i is given by 


mi = Pqi — tqi — Ci. (4.3) 


We solve the subgame-perfect Nash equilibrium of the above game by backward 
induction. 
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4.3 Preliminary Analysis 


4.3.1 Third-Stage Equilibrium 


In the third stage, given the marginal cost and tariff level, each firm competes in 
Cournot fashion so as to maximize its profit in the importing country market. From 
Eas. (4.1),(4.2), and (4.3), each firm’s output in the equilibrium is given by 


1 
di = Za E 2C; + Cj — 2t; + tj), (i,j) = (1,2), l Fj: (4.4) 
where c; is as follows: 


a 0, if it undertake R&D activity (4.5) 


c. otherwise 


4.3.2 Equilibrium Tariff Rate Under Uniform Tariff Policy 


We suppose that the government of the importing country imposes a uniform tariff 
on both exporting countries’ firms so as to maximize its welfare defined as 


1 
W; = so + tiqi + hqn, (4.6) 


where the first term on the right-hand side (RHS) represents consumer surplus and 
the second (third) term of RHS represents tariff revenues from country 1 (country 
2). From Eqs. (4.4) and (4.6), the optimal tariff level under the uniform tariff policy, 
1.e., t = ti = hb, is calculated as 


l 
M = g(2 —c; — cj). (4.7) 


Note that the superscript UT represents the uniform tariff policy. Substituting 
Eq. (4.7) into Eq. (4.4), the equilibrium output level of each firm under the uniform 
tariff policy is derived as 


1 
g = zC — 5c; + 3c;). (4.8) 


From Eqs. (4.1), (4.4), and (4.8), we can obtain the equilibrium outcomes under 
the uniform tariff policy. They are shown in Table 4.1. 
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Table 4.1 Equilibrium output under the uniform tariff policy 


Firm 1 N Firm 2 Old technology New technology 
Old technology (1 — c), 1(1 —c) I (1 — 3c) l i (1 F 3c) 
New technology i (1 + 3c), i (1 — 2c) L, i 


Table 4.2 Equilibrium output under the FTA between countries 1 and 3 


Firm 1 N Firm 2 Old technology New technology 
Old technology +a-o, $1- co) 4 (1— 3c), 2 (1+ 4c) 
New technology + (1 + tc) ‘ = (1 — te) =, = 


4.3.3 Equilibrium Tariff Rate Under FTA 


Suppose that countries 1 and 3 form an FTA. The government of the importing 
country eliminates the import tariff on firm 1, that is, fti = 0, while it imposes the 
import tariff on firm 2. Therefore, from Eqs. (4.4 ) and (4.6), the optimal tariff level 
on firm 2 under the FTA with country 1 is given by 


1 
S n + 4c; — 502). (4.9) 


Note that the superscript FTA represents the FTA with country 1. Substituting 
Eq. (4.9) into Eq. (4.4), equilibrium output level of each firm under the FTA is 
derived as follows: 


2 l 
g = Th — 3cı + ĉ2); g = a + Cy — 4c2). (4.10) 


From Eqs. (4.1), (4.4), and (4.10), we can obtain the equilibrium outcomes under 
the FTA between countries 1 and 3 as shown in Table 4.2. 


4.4 Technology Choice 


As mentioned above, each firm can reduce its marginal cost by investing in cost- 
reducing R&D expenditure in the first stage. We refer to a technology available for 
both firms without any R&D cost as old technology. The old technology exhibits 
positive constant marginal cost c. We refer to a technology available for both firms 
with R&D cost F as new technology. The new technology exhibits zero constant 
marginal cost. 
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Table 4.3 First-stage subgame under the uniform tariff policy 


Firm 1 N Firm 2 Old technology New technology 
Old technology Z(l—c)?, E-o + (1— Sc)”, + (1+ 3c)? —F 
New technology + (1 F 3e)? =F; + (1 = 5e)? + =F; T =f 


Table 4.4 First-stage subgame under the FTA between countries | and 3 


Firm 1 N Firm 2 Old technology New technology 
2 2 
Old technology E-o, Z0- £ (1— 3c), (1+ gc) -F 
2 2 
New technology £ (1 + 4c) =F, = (1 — $c) E-F, = —F 


4.4.1 Uniform Tariff Case 


Let us consider the technology choice (R&D investment) of the firms under the 
uniform tariff policy. The payoff matrix in the first-stage subgame is shown in 
Table 4.3, which is derived from Table 4.1 and Eq. (4.3). Thus, we have the 
following proposition about technology choice under the uniform tariff policy: 


Proposition 4.1 Suppose that the government of the importing country imposes the 
uniform tariff. 


(i) fF > 2c(4 +c)=F 4 T then both firms choose the old technology. 
(ii) If F < 2c(4 — 5c) = Fy", then both firms choose the new technology. 
(iii) If F > F > Fy", then the firms choose different technologies. 


Mills and Smith (1996) analyzed technology choice in a domestic duopoly 
model. Although import tariff weakens the incentive for firms to invest in the cost- 
reducing R&D, the equilibrium nature is similar to that in Mills and Smith (1996) 
because of the uniform tariff policy. 


4.4.2 FTA Case 


Next, we consider the technology choice under the FTA between countries 1 and 
3. Because the import tariff on firm 1 is eliminated under the FTA, the firms face 
different incentives for R&D investment. From Table 4.2 and (4.3), we obtain the 
payoff matrix, shown in Table 4.4, expressing the first-stage subgame. 

Therefore, we have the following results from Table 4.4: 


Lemma 4.1 Suppose that countries I and 3 form an FTA. 


(i) fF > 4c(4—c) = F, then adoption of the old technology is the dominant 
121 l 


strategy for firm 1. 
(ii) If F < H c(4 — 3c) = Fy TA then adoption of the new technology is the 
dominant strategy for firm 1. 
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(iii) If FX" > F > FE”, then adoption of technology different from firm 2 is the 
best response for firm 1. 


Lemma 4.2 Suppose that countries I and 3 form an FTA. 


(i) fF > c(3 —c)=F 7 TA then adoption of the old technology is the dominant 
strategy for firm 2. 

(ii) If F < S c(3 — 2c) = FI", then adoption of the new technology is the 
dominant strategy for firm 2. 

(iii) If Fy a Fr A TA then adoption of technology different from firm 1 is the 


best response for firm 2. 


From Lemmas 4.1 and 4.2, thus, we establish the following results about 
technology choice under the FTA: 


Proposition 4.2 Suppose that countries I and 3 form the FTA. 


(i) If F > FY”, then both firms choose the old technology. 
(ii) If F < F{™, then both firms choose the new technology. 
(iii) If FE" > F > FY", then the member country firm 1 uses the new technology, 
while the nonmember country firm 2 uses the old technology. 


Intuition behind Proposition 4.2 is as follows: The FTA eliminates the import 
tariff on member country firm 1 and lowers firm 1|’s effective marginal cost as a 
result. The formation of the FTA increases firm 1’s output but decreases firm 2’s 
output. The benefit from R&D investment becomes larger as the firm produces more 
output. Therefore, the formation of FTA strengthens the incentive for firm 1 to invest 
in R&D activities, which is shown by F% > F% and FS > Fy". However, 
the incentive for firm 2 to invest is weakened. In addition, as shown by Eq. (4.9), 
if the nonmember country firm 2 reduces its marginal cost by R&D investment, 
then it induces an increase in the external tariff level on the firm. The formation 
of the FTA lowers firm 2’s incentive to invest through these two effects: raising 
the effective marginal cost and increasing tariff level by the R&D activity, which is 
shown by F^ < Fy" and F{™ < Fy". In consequence, the nonmember country 
firm 2 chooses the old technology when the member country firm 1 uses the new 
technology under the FTA. 


4.4.3 Effects of FTA on Technology Choice 


We examine how the formation of the FTA affects the firms’ R&D activities. From 
Propositions 4.1 and 4.2, we obtain 


Proposition 4.3 


(i) If F i aF >F i T then the formation of an FTA encourages R&D activities. 
(ii) If Fy" > F> pa then it discourages R&D activities. 
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Let us consider the logic behind Proposition 4.3. As shown above, the formation 
of an FTA gives a stronger incentive for the member country firm 1 to undertake 
R&D activities and a weaker incentive for the nonmember country firm 2. Suppose 
that F is slightly above F?” , given c. Then, both firms choose the old technology. In 
this situation, the formation of an FTA induces adoption of the new technology by 
the member country firm | through the elimination of the import tariff. It encourages 
firm’s R&D activities. Note that the FTA never encourage adoption of the new 
technology when F is much greater than F{“ even though the FTA strengthens 
firm 1’s incentive to invest. 

Suppose that F is slightly below Fy” given c. Both firms use the new technology. 
In this situation, the FTA discourages the nonmember country firm 2 from adopting 
the new technology through raising the effective marginal cost and increasing the 
tariff level by the R&D activity. However, note that if F is much lower than Fy”, 
then the FTA does not change the technology choice. 

Suppose that F? > F > Fy‘. Under a uniform tariff policy, each firm 
chooses different technologies, but it is indeterminate which firm chooses the new 
technology. However, when the FTA is formed, the member country firm 1 is 
certain to use the new technology, while the nonmember country firm 2 uses the old 
technology. The formation of an FTA may counter a firm’s technology choice, but 
it never encourages or discourages R&D activities; 1.e., only a single firm chooses 
the new technology. Figure 4.1 summarizes these results. Note that OO — NO, for 
instance, indicates that the formation of the FTA between countries | and 3 switches 
from the situation where both firms use the old technology to the situation where the 
member country 1’s firm uses the new technology and the nonmember country 2’s 
firm uses the old one. 

Comparing with the results in Hwang et al. (1997), we consider the implication 
of Proposition 4.3. They examined the long-run situation where firms engage in 


F pu 
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Fig. 4.1 Comparison of technology choice 
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the cost-reducing R&D investment. They showed that the firms use restraint in 
investing in R&D under a discriminatory tariff as compared with under a uniform 
tariff, which induces adoption of technology with a higher marginal cost. This is 
because lower marginal cost resulting from the R&D increases the level of the tariff 
on the investing firm. Therefore, firms use restraint in investing in the cost-reducing 
R&D under a discriminatory tariff in order to lower the tariff. Proposition 4.3 (41) 
shows that the formation of an FTA discourages the nonmember country firm 2’s 
R&D activity, and firm 2 adopts the old technology with a higher marginal cost. 
This result corresponds to that in Hwang et al. (1997). However, Proposition 4.3 (1) 
shows that the FTA may encourage the member country firm 1’s R&D activity. This 
result contrasts with that in Hwang et al. (1997) and begs the question of why such 
a difference arises. 

Hwang et al. (1997) compared the uniform tariff case with the discriminatory 
tariff case. Meanwhile, we assume the FTA, not the discriminatory tariff policy. As 
shown in Eqs. (4.7) and (4.9), the reduction of marginal cost by the R&D investment 
raises the tariff level on the investing firm under both the uniform tariff and the 
FTA, which discourages engagement in R&D activity. Consider under which policy 
the disincentive effect becomes stronger. Under the FTA, the proportion of tariff 
revenue in the importing country’s welfare becomes smaller and that of consumer 
surplus becomes larger. When the FTA is formed, firm 1 has lower marginal cost 
than firm 2 because only nonmember country firm 2 faces the tariff. From the 
viewpoint of importing country welfare, it is desirable for the efficient firm 1 to 
produce much more because the expansion in total output increases the importing 
country’s welfare. In this situation, if firm 2 lowers its marginal cost through the 
R&D investment, then the less efficient firm 2’s market share increases. To avoid 
this, the government of the importing country raises the external tariff if firm 2 
engages in R&D. Under the FTA, a substitution effect of production occurs through 
the tariff level, a situation that does not arise under the uniform tariff policy. The 
effect of raising the tariff through the cost-reducing R&D investment becomes 
much larger under the FTA than under the uniform tariff. The formation of the 
FTA weakens the incentive for firm 2 to invest. On the contrary, it strengthens the 
incentive for the member country firm | because the FTA eliminates tariffs on the 
firm, negating the effect of increased tariff level through the cost-reducing R&D 
activity. 

The difference between Hwang et al. (1997) and our analysis is as follows. 
They examine the discriminatory tariff, while we examine the FTA. The effect of 
increasing the tariff through R&D investment affects both firms under the uniform 
tariff, but it works only on the nonmember country firm under the FTA. While 
the technology with higher marginal cost is more likely to be chosen under the 
discriminatory tariff than under the uniform tariff (Hwang et al., 1997), both the 
higher and lower marginal cost technologies may be chosen under the FTA as 
compared with under the uniform tariff. In other words, if we consider the FTA 
as a measure of discriminatory tariff, then the lower marginal cost technology is 
more likely to be chosen under the FTA than under the uniform tariff policy. 
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4.5 Effect of FTA on the Importing Country’s Welfare 


The preceding section shows that the formation of an FTA may encourage adoption 
of the new technology by the exporting firms. We examine how the formation of 
an FTA affects the importing country’s welfare. From Eqs. (4.1) through (4.10), the 
importing country’s welfare with all patterns of technology choice under both the 
uniform tariff and the FTA is shown in Table 4.5. 

First, we address the case when the FTA does not change the technology 
choice. From Table 4.5, changes in the importing country’s welfare arising from 
the formation of an FTA are specified below: 


l 
o ree) eee =qail=ey <0, 


l 
WYO TA) — yo = Gs ae 4c — 21c’) < 0, (4.11) 
l 
NN(FTA) NN(UT) __ 


44 


where OO (NN) denotes the case when both firms adopt the old technology (the new 
technology) and NO denotes the case when firm 1 adopts the new technology while 
firm 2 adopts the old technology. From Eq. (4.11), we obtain 


Proposition 4.4 When the formation of an FTA does not change the technology 
choice, it decreases the importing country’s welfare. 


Second, we consider the case when the FTA changes the technology choice. From 
Table 4.5, changes in welfare arising from the formation of an FTA are specified 
below: 


I 
WO ETY _ ppe UD ea aa aa 
] 
NO(FTA NN(UT 
eae Pad ar + 120 — 8c”) <0, (4.12) 
1 
NO(FTA ON(UT 
WYO ETO L yNUD E + 4e— 2c?) <0, 
Table 4.5 Welfare level in Welfare | Uniform tariff policy | FTA 
importing country 3 wo? T 1o 5 (1 — 0}? 
4 22 
wy? +(2 =F + (4c? — 6c + 5) 
wer tR- + (3c? — 4c +5) 
WN 1 2 
3 4 22 
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where c = (5 — 4 22) 7% 0.103. Note that ON denotes the case when firm 1 adopts 
the old technology, while firm 2 adopts the new technology. Here, we have 


Proposition 4.5 


(i) When the FTA encourages adoption of the new technology, it may increase the 
importing country’s welfare. 
(ii) When the FTA discourages adoption of the new technology, it decreases the 
importing country’s welfare. 
(iii) When the FTA counters the technology choice, it decreases the importing 
country’s welfare. 


Propositions 4.4 and 4.5 indicate that the formation of an FTA tends to decrease 
the importing country’s welfare, regardless of whether the FTA changes technology 
choice. Only when the FTA encourages adoption of the new technology does it 
increase welfare if c > c holds. 

Let us consider the logic behind Propositions 4.4 and 4.5. Suppose that the 
formation of an FTA does not change firms’ technology choice. The formation of an 
FTA increases the member country firm 1’s output and decreases the nonmember 
country firm 2’s output through the strategic substitution effect. As a result, it 
increases total output because a direct effect on firm 1 dominates an indirect effect 
on firm 2. Thus, consumer surplus increases. However, the formation of an FTA 
eliminates the tariff on member firm 1 and tends to reduce the external tariff on 
nonmember firm 2. Then, tariff revenue decreases drastically. In this situation, the 
increase in consumer surplus does not compensate for the decrease in tariff revenue. 
That is why the formation of an FTA decreases the importing country’s welfare 
when it does not change the technology choice. 

The same logic applies to the case when the formation of an FTA changes the 
technology choice, except when the FTA encourages adoption of the new technol- 
ogy. In this case, the FTA drastically increases member firm 1’s output through 
the elimination of tariffs as well as the unilateral adoption of new technology. 
However, the decrease in tariff revenue is not so large because both firms use the 
old technology under the uniform tariff. In this situation, the increase in consumer 
surplus can compensate for the decrease in tariff revenue. Thus, the formation of an 
FTA increases the importing country’s welfare only when it encourages adoption of 
the new technology. 


4.6 Concluding Remark 


This chapter investigates how the formation of an FTA affects firms’ technology 
choice (i.e., the cost-reducing R&D activities) as well as welfare in a three-country 
model where one importing country and two exporting countries exist. Our main 
conclusions are as follows: (1) The formation of an FTA strengthens the incentive 
for member country firm to invest and weakens the incentive for the nonmember 
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country firm. (11) The FTA may encourage or discourage adoption of the new 
technology by exporting firms. (111) Only when the formation of an FTA encourages 
adoption of the new technology may it increase the importing country’s welfare, 
while it tends to decrease welfare. 

These results do not necessarily correspond to the results in Hwang et al. (1997), 
who did not examine the FTA but rather the discriminatory tariff regime, and showed 
that the discriminatory tariff induces adoption of technology with a higher marginal 
cost compared with the uniform tariff. This is because we assume the FTA as an 
extreme discriminatory tariff, taking into account the difficulty of implementing the 
discriminatory tariff among WTO member countries. Our findings imply that the 
formation of an FTA may encourage the firms’ R&D activities depending on the 
effectiveness of cost-reducing R&D investment, in contrast to the results under the 
discriminatory tariff. 

Future studies can extend this chapter in several directions. This chapter consid- 
ers the formation of an FTA as a given. However, the voluntary formation of an FTA 
necessarily benefits all member countries. Therefore, it is desirable to investigate the 
condition for the endogenous formation of an FTA. It is also worthwhile to extend 
the duopoly model to an oligopoly one, as Elberfeld (2003) did. 
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Part IT 
The Timing of Trade Policies 


Chapter 5 
Endogenous Timing in Trade Policy Under 
the Three-Country Model 


Takao Ohkawa, Makoto Okamura, and Makoto Tawada 


Abstract This chapter provides a comprehensive and consistent explanation for the 
following result: a government with a smaller number of firms becomes a leader and 
provides a subsidy to home firms, whereas a government with a larger number of 
firms moves second and imposes a tax on domestic firms in the three-country model. 
This chapter also presents a comparison of the welfare of each country under free 
trade and under bilateral intervention, from which we derive policy implications. 


Keywords Strategic trade policy * Endogenous timing ° Strategic distortion ¢ 
Terms of trade distortion * Welfare comparison 


5.1 Introduction 


The most familiar model used to tackle the analysis of government intervention in 
trade under imperfect competition is the three-country model initiated by Brander 
and Spencer (1985). It consists of two exporting countries lacking consumers and 
one importing country lacking producers, and international oligopoly arises in the 
market of the importing country. A number of studies have based their investigation 
on this model. For example, Krishna and Thursby (1991) and Van Long and 
Soubeyran (1997) considered how the curvature of the demand function and dif- 
ferences in the number of firms between the two exporting countries affect the level 
of subsidy. Dick (1993) examined the effect of trade policy in a case where cross- 
ownership exists. de Meza (1986) and Neary (1994) considered how cost asymmetry 
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affects the different subsidy rates set by each exporting country’s government. 
Cooper and Riezman (1989) and Hwang and Schulman (1993) analyzed the choice 
of policy instruments. Qiu (1994) incorporated asymmetric information on a firm’s 
cost and examined the effect of this information on the optimal level of the subsidy. ! 

Though many researchers have examined various topics in the three-country 
framework “three-country” framework, they assume that each government inter- 
venes simultaneously in trade. We therefore seek to determine whether the simul- 
taneous policy decision by each government constitutes the equilibrium outcome 
in the three-country model. To our knowledge, few studies have investigated this 
problem. 

Arvan (1991) and Shivakumar (1993) pointed out the possibility of sequential 
moves in the three-country model with incomplete information. Arvan (1991) intro- 
duced demand uncertainty into this model and argued the possibility of sequential 
play between governments. He identified the degree of demand uncertainty and 
the number of firms as key elements to determine the type of play. Shivakumar 
(1993) introduced an export quota as an additional instrument for governments but 
restricted the export competition to duopoly. Then, he established the conclusion 
that sequential play may occur when the export quota is chosen as a policy 
instrument and there is a high degree of uncertainty. In these studies, the decision 
about the timing of bilateral government intervention is deeply connected with the 
degree of uncertainty. 

Ohkawa et al. (2002) examined an endogenous timing game in the three- 
country model without uncertainty. Using Theorem 5, Hamilton and Slutsky (1990) 
established that if there is a different number of firms between two exporting 
countries, then the government of the country with fewer firms becomes a first 
mover and subsidizes its home firms. By contrast, the government of the country 
with the larger number of firms acts as a second mover and imposes an export tax 
on its firms; otherwise, both governments set positive subsidy rates simultaneously.” 
However, they did not succeed in properly explaining why the difference in the 
number of firms has the abovementioned effect on endogenous timing. 

The purpose of this chapter is to try to provide a comprehensive and consistent 
explanation for the above results. To this end, we compare the optimal subsidy 
rate in the simultaneous move case with that in the sequential case. We explain 
the differences in the rates of subsidies in the two cases using two distortions and 
associated marginal change: the terms of trade distortion and the strategic distortion, 
which are introduced by Krishna and Thursby (1991). We connect these distortions 
and their marginal change with the differences in the number of firms between two 
countries. We also explain endogenous timing from the viewpoint of the first- and 


'Brander (1995) surveys strategic trade policy. 

*In other frameworks dealing with trade policy games, several researchers treating the problem 
of the endogenous timing game between governments also concluded that the simultaneous move 
setting is not always appropriate, e.g., Syropoulos (1994) and Collie (1994). 
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second-mover advantages, which is connected with the number of firms between 
two countries. 

Another purpose of this chapter is to compare the welfare of each country 
under free trade and under bilateral intervention. We present a policy implication 
following Bliss (1996) observes that industrial or antitrust policies in exporting 
countries affect the welfare of the third country, because these domestic policies 
influence the market structure (the number of firms) of the exporting countries. Our 
results also suggest that, depending on the number of firms, one of the exporting 
countries may adopt an export tax rather than a subsidy. Thus, the strategic trade 
policies of the exporting countries decrease the welfare of the third country. The 
WTO cannot directly intervene in the content of industrial and antitrust policies 
in each member country. It prohibits export subsidies but does not prohibit export 
taxes. These features suggest that each member country should consider policy 
harmonization between domestic public policies and trade policies with each other, 
and the WTO needs to discuss the restriction on export taxes as well as subsidies. 
The chapter is organized as follows: Sect. 5.2 presents a multistage game to analyze 
the timing of policy setting. In Sect.5.3, we solve this game using subgame 
perfection as a solution concept. Section 5.4 shows the main results and provides 
the comprehensive explanation for why our results constitute an equilibrium. In 
Sect. 5.5, we compare the equilibrium level of welfare under free trade and bilateral 
intervention. Section 5.6 contains the main conclusions, and Sect. 5.6 provides the 
mathematical appendices used in this study. 


5.2 The Model 


Consider a world economy where three countries (the first, second, and third 
countries) and one commodity exist. The commodity is produced in the first and 
second countries and exported to the third country without any consumption in the 
producing countries. There are n; firms located in the country i, fori = 1 and 2. 
Each firm has identical production technology with constant returns to scale. Unit 
cost can be denoted by c. 

In the third country, there is no production, and consumers purchase the 
commodity imported from the first and second countries. Let the inverse demand 
function of the third country be p = p (Q) = A — Q, where Q is the demand for 
the commodity, p is the commodity price, and A is a positive parameter expressing 
a market scale and assumed to be greater than c. Each firm competes à la Cournot 
in the third country market. 

The government of each exporting country subsidizes exports of its home firms 
so as to maximize the country’s national welfare. Each government chooses not 
only the level of the subsidy s; but also the timing of the policy intervention. The 
government of the third country does not consider any policies on trade. 

To examine the conventional assumption of a simultaneous move in the game 
of government intervention, we construct the following multistage game. In the 
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first stage, the government of each producing country chooses the timing of setting 
the level of its export subsidy, namely, the first move or the second move. If both 
governments move at the same time, then the timing is said to be simultaneous. 
Otherwise, it is said to be sequential. In the second stage, each government chooses 
the level of its export subsidy according to the timing.’ Once each government sets 
the level of subsidy, all identical firms produce the commodity and export it to 
the third country under Cournot competition in the third stage. We introduce the 
subgame perfect Nash equilibrium as a solution to solve the above multistage game. 


5.3 The Analysis 


5.3.1 Stage 3 Subgame 


Let us begin with the third stage subgame. The profit of country i’s firm k is given 
by 


Tik = (P(Q) — C)dik + Siik: (5.1) 


where qig is an individual output of country 7’s firm k(= 1,...,;). From (5.1), the 
first-order condition for profit maximization is given by 


p'(Q)gix + p(Q) —c+ 5; = 0. (5.2) 


We have the semi-symmetric Cournot equilibrium, which means that the level of 
output of each firm located in the same country is identical, 1.e., gz = qi. We can 
transform (5.2) into 


(nj + l)qi tng =A-—ct+s, (ij) = 1,2), 14 /. (5.3) 


From (5.3) we have the semi-symmetric Cournot equilibrium output level of each 
firm in country i, 1.e., 


= a + (nj + 1)s;— msy (5.4) 
N 
where N = nj + nj; + 1 anda = A — c > 0. We also obtain the equilibrium total 


output Q = Q; + Qj = nigi + njqj as 


— (N Da + nisi + njsj 


N (5.5) 


Q 


>This type of timing game is called an observable delay; see Hamilton and Slutsky (1990). 
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The subsidy’s effects on Q; and Q are derived from (5.4) and (5.5): 


dQ; — nln + 1) 7 


els a 0, 5.6 
OS; N l ) 
IQ: _ iM} 9 (5.7) 
OS; N 
and 
JO Ni 
— a a a, 5.8 
OS; N l ) 


These results state that s; increases (decreases) aggregate outputs of country 7’s firms 
(country j’s firms), and the direct effect shown in (5.6) dominates the indirect effect 
shown in (5.7). They also state that s; increases total output. 

Substituting (5.4) and (5.5) into (5.1) yields the equilibrium profit, 7r; as 


mi = (P(Q) —c)qi + siqi = G;- (5.9) 


5.3.2 Stage 2 Subgame 


In the second stage, with the other country having given its subsidy, the government 
of country i, i= 1,2, tries to set the level of subsidy s; in order to maximize its 
national welfare, which is denoted by W; and defined as the sum of firms’ profits 
and subsidy payments. From (5.4) and (5.9), the following is derived: 


W; = Wi;(si, sj) = nimi — nisigi = (p(Q) — c) Qi, (5.10) 


where Q; = njqg;. Two possible cases occur at this stage: (1) Each government 
simultaneously sets its level of subsidy. (2) One government moves first (chooses 
its subsidy rate). After observing this rate, the other government sets its subsidy. In 
this case, one government plays the role of a leader and the other a follower. 


5.3.2.1 Simultaneous Move 


We consider the case of simultaneous moves. Government i tries to set its subsidy 
rate s; to maximize its national welfare, given the other country’s subsidy s; and 
foreseeing the third stage equilibrium q;(s;, s;), (i,j) = (1,2). The government 
solves the following problem 


max . W;(s;, sj). (5.11) 


76 T. Ohkawa et al. 


The first-order condition for the problem (5.11) is given by 


MEY = pq -9 2 pog =0. (5.12) 
Si OS; OS; 

The first term on the right-hand side (RHS) of (5.12) shows the marginal welfare 
benefit of a country’s output expansion caused by subsidy. The second term shows 
the marginal cost of welfare through market price reduction caused by subsidy. From 
(5.12), we can derive a reaction function of the government 7 with respect to each 
subsidy. 


(nj, +1—n, -t1—n,; 
si = ri(s) = _njlnj + 1— ni) S) (ti-ni) (5.13) 
2n;(nj + 1) 2n;(nj + 1) 
T T T IED a ee) (5.14) 
i ae 2nj (ni + 1) i 2n;(ni + 1) l l 


We obtain the following slope of the reaction function.* 
Lemma 5.1 


(1) Ifni = nj +2 (nj = ni + 2), then the slope of country i’s (country j’s) reaction 
function is positive. Strategic complementarity prevails. 

(2) Ifni = n; + 1 (nj = ni + 1), then the slope of country i’s (country j’s) reaction 
function is flat. Strategic independence prevails. 

(3) Ifni < nj (nj < ni), then the slope of country i’s (country j’s) reaction function 
is positive. Strategic substitutability prevails. 


Roughly speaking, Lemma 5.1 states that when the number of firms in a concerned 
country is larger (smaller) than that in a rival country, the reaction function for the 
concerned country’s subsidy rate is upward (downward) sloping. 

We can obtain the equilibrium subsidy level of each government, denoted by sf, 
L.e., 


C (nj + l — ni) 
i= UNED a (5.15) 


By solving (5.13) and (5.14), we obtain the following result. 


Lemma 5.2 Suppose that both exporting countries? governments set their subsidy 
levels simultaneously. 


(1) Ifni = nj + 2, then country i’s government imposes taxes on its firms. 
(2) Ifni = nj + 1, then it does not intervene at all. 
(3) Ifni < nj, then it subsidizes its firms. 


4See Appendix A for derivation. 
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The resulting levels of national welfares Wf = W,(s°, sv) are given by” 


nj +l 2 


WE = W,(st, s)= 


5.3.2.2 Sequential Move 


Let us investigate the sequential move case. We assume that government is a leader, 
while government j(4 i) plays a follower. The government sets its subsidy level s; 
optimally, taking into account the rival’s response (5.14). It solves the problem 


max W; = W; (si, r;(si)) ; (5.17) 


The first-order condition for welfare maximization is 


OW; (Si, 745i OW; (Si, ri(s; 
W; (si, r(si)) T W; (si, r(si)) es (5.18) 
OS; OS; J 


which is rewritten as 


10; «2, 8 
(01) - IS + QO 


2 


+ (p(Q) — a r;(s i) +p og £ g “(si) = = 0. (5.19) 


The first term (the second term) on the left-hand side (LHS) of (5.19) is the same as 
the first one (the second one) of (5.12). These are direct effects, whereas the third 
and fourth terms of (5.19) are indirect effects. The third term represents a change 
in the level of leader i’s welfare through the follower’s best response to the leader’s 
subsidy level. The fourth one shows the change in the level of leader i’s welfare 
caused by price change through the follower’s best response. 

From (5.19), we have the optimal subsidy level, Ca Le 


1 
baoo 5.20 
si ni(ni + D vee 


From (5.20) and s; = r;(s;), we derive 


;+1 
sf = i (5.21) 
i mm +2)” 


>See Appendix B for derivation. 
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From (5.20) and (5.21), we have 


Lemma 5.3 Suppose that government i becomes a leader and government j 
becomes a follower. 


(1) The leader government i always subsidizes its firms. 
(2) The follower government j imposes a tax on its firms if n; > ni + 1; it does not 
intervene at all ifn; = ni + 1, and it subsidizes its firms if nj < nj + 1. 


From (5.20) and (5.21), we also have the resulting welfare level of each country 
W; and W” as follows®: 


1 
Wr = Wi(sy,8,) = —— g’, 5.22 
Fo _ F ~ url 


5.3.3 Stage 1 Subgame 


We return to the first stage. Each government chooses to become either a leader, 
denoted by L, or a follower, denoted by F. We assume that a simultaneous game 
occurs if both firms move first or second. The 2 x2 payoff matrix in Table 5.1 
summarizes this situation. 

From (5.16), (5.22), and (5.23), we establish the following result.” 


Lemma 5.4 Suppose that (S1, S2) denotes the equilibrium pair of strategies that 
country i’s government selects, S; € {L, F}. 


(1) Ifni < m —2, then (L, F) emerges. 

(2) Ifni = m — 1, then either (L, L) or (L, F) emerges. 

(3) Ifni = m, then (L, L) is an equilibrium pair of strategies. 
(4) Ifni = m +1, then either (L, L) and (F, L) occurs. 

(5) If that ny, > m + 2, then (F, L) occurs.® 


Table 5.1 Stage 1 subgame Country 1 \ Country 2 | L F 
L wE, WS | wh, WÈ? 
F wr, wk | we, wS 


See Appendix C for derivation of sy , s? , Wr , and Ww; . 


7Ohkawa et al. (2002) proved this result using Theorem 5 in Hamilton and Slutsky (1990). 
8See Appendix D for the proof of this result. 
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5.4 Main Results 


5.4.1 Comparison Among Subsidy Rates 


First, we compare the equilibrium subsidy rate in the cases of simultaneous and 
sequential moves. From (5.15), (5.20), and (5.21) and Lemmas 5.2 and 5.3, we 
establish 


Proposition 5.1 Suppose that country i’s government becomes a leader and coun- 
try j’s a follower in the sequential case. 


(1) ni > PZ, then s; > 0 > sf ands? > si > 0. 


(2) ni = nj + l, then s; > 0 = sf and sy > s? > 0. 
(3) Ifni = nj, then st > s > Oand sy >s? > 0. 
(4) Ifni = nj- 1l, then sy = sv > 0 and s? = s} = 0. 


(5) Ifni < ni — 2, then s > si > Oand0 > sv > sf. 


We will try to explain why the concerned country i’s government sets a positive 
(negative) subsidy rate when it has fewer (more) firms than country j in the case 
with simultaneous moves. Following Krishna and Thursby (1991), we can rearrange 
(5.12) by considering p — c = —p’ 2 — si from (5.2) as 


30; 
l Ds; 
sy = p'Q;i (i = 2) + p'Q;- 30; (5.24) 
i Os; 
The sign of the first term is negative unless n; = 1; the sign of the second term is 


positive from (5.6) and (5.7). The first term on the RHS of (5.24) shows a negative 
effect on country 7’s domestic welfare because of the price reduction through output 
expansion of domestic firms i caused by subsidization. This negative effect is 
referred to as the terms of trade distortion. The second term, called the strategic 
distortion, shows a positive effect on the rival firms’ output shrinkage through the 
production substitution between country 7’s domestic firms and foreign firms caused 
by subsidization. Thus, if the terms of trade distortion dominate (are dominated by) 
the strategic distortion in country i, then government i sets a negative (positive) 
subsidy rate in the case with simultaneous moves. An increase in the number of 
country i’s firms enhances the degree of the terms of trade distortion in country i. 
However, an increase in the number of country /’s firms raises the degree of the 
strategic distortion in country i. 
Thus, we establish 


’See Appendix E for the proof of Proposition 5.1. 
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Result 5.1 In country i, ifn; < nj, then the terms of trade distortion are dominated 
by the strategic distortion, resulting in a > 0!°: otherwise, the former is not 
dominated by the latter, resulting in so <0. 


Next we explain the results of the comparison between s} and i . Using (5.24), 
we can rearrange (5.19) as 


4Q; OW; AWi(si.ri(si)) ri(s) ) f 
/ l Asi dj r;(s i) 
$ =p'0i)(1-—) po & + — (5.25) 
Ni L Yl 
Dsi OS; 
where 
OW; 1997 o l 
Mens 2 oS +p g 2 <0. (5.26) 
j Os; 


The first and the second terms on the RHS of (5.25) are the same as the first and the 
second terms of the RHS on (5.24). The third term shows that each country suffers 
a welfare loss if the rival country increases its subsidy (decreases its tax). In other 
words, each country favors a lower rate of subsidy (higher rate of tax) by the rival 
country. Becoming a leader enables country i’s government to reduce the subsidy 
rate. Therefore, the third term is called the first-mover advantage. 

The sign of the term shown as the first-mover advantage depends on the sign 
of the slope of the reaction function of country j’s firm. If r; (si) < (>)0, then the 
first-mover advantage is positive (negative). This means that when r; (si) < (>)0, 
leader country i’s government can improve its welfare via a decrease in rival 
country j’s subsidy rate by increasing (decreasing) its subsidy rate. Therefore, leader 
government 7 should set a higher (lower) subsidy rate in the case with sequential 
moves, while government i does so in the simultaneous case. Thus, we establish 


Result 5.2 If ri(s) < (>)0, then sf > (<)s°. 


Let us examine the relationship between the different number of firms and the 
slope of the reaction function of government j, r; (si). From (5.12), we can derive the 
slope of country j’s reaction function as 


Ww; 
Dp Ss OS j08; 527 
r;(si) = — PW, (5.27) 


2 
dss 








Since the denominator on the RHS of (5.27) is negative, the sign of the numerator 





3 W; ; j . l 3 : 
TEN the sign of r;(s;). This shows the change in country j’s marginal 
'ONote that government i always subsidizes its firms when n; = 1 in the simultaneous move 


because terms of trade distortion vanishes. 
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benefit resulting from its subsidy rate. From (5.12), this is given by 





0° Wj nn 20) 90 a (+2) uy 


0S; 05; we OS; OS; OS; OS; OS; 
Qi 
, (92 IQ; , as; OO; 
— + — — Z, 5.28 
OP (e+ is) Ta OS; l ) 


The first term in the bracket on the RHS of (5.28) means that an increase in the 
subsidy rate of country 7 relaxes the terms of trade distortion in country j. The 
increase brings about the shrinkage of the total output of country j’s firms Q; via 
production substitution. Since this shrinkage decreases the degree of price reduction, 
it relaxes the terms of trade distortion in country j. Therefore, we call the first 
term the relaxing effect of the terms of trade distortion in country j, which is 
nonnegative. !! 

The second term shows that an increase in s; deteriorates the strategic distortion 
in country j. The shrinkage of Q; through product substitution caused by this 
increase decreases price reduction, so that this decrease is beneficial for each firm in 
country i. Each firm can limit its output reduction in response to the increase in Q; 
caused by the subsidization by country j’s government. The second term, therefore, 
is called the deteriorating effect of the strategic distortion in country j, which is 
negative. 

Note that in country j, an increase in n; enhances the relaxation effect of the 
terms of trade distortion, whereas an increase in n; raises the deteriorating effect of 
the strategic distortion. From (5.14) and (5.28), we obtain 


Result 5.3 [f ni Æ nj; + 1, then the slope of r;(s;) is nonnegative because the 
relaxation effect of the terms of trade distortion is outweighed by the deteriorating 
effect of strategic distortion in country j. Otherwise, the slope of r;(si) is negative 
because the relaxation effect outweighs the deteriorating effect in country j. 


From Results 5.1, 5.2, and 5.3 we derive the following: Suppose that n; > 
nj. Then, in the simultaneous move case, the terms of trade distortion are (not) 
dominated by the strategic distortion in country j (i), so that country j’s (country i’s) 
government sets a positive (nonpositive) subsidy rate. Next, the relaxation effect of 
the terms of trade distortion is outweighed by the deteriorating effect of the strategic 
distortion in country j, which implies that follower government reduces its rate of 
subsidy in response to the increase in s;. The decrease in s; caused by the increase in 
Si is beneficial for the leader government i. This is the first-mover advantage. Since 
both the positive first-mover advantage and strategic distortion dominate the terms 
of trade distortion in country i, leader government i sets its positive subsidy rate. 
Thus, when n; > nj, A >0> se and st > s; > 0. 


lle derive p (32 + a) = Z ni(n; — 1) > 0 from (5.4) and (5.5). 
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Suppose that n; = n;. Then the terms of trade distortion is dominated by the 
strategic distortion in both countries, so that each of them sets a positive subsidy rate 
in the simultaneous move. Next, the relaxation effect of the terms of trade distortion 
is outweighed by the deteriorating effect of the strategic distortion in country j, the 
leader government improves its welfare by increasing s;. Since both positive first- 
mover advantage and strategic distortion dominate the terms of trade distortion in 
country i, the leader government i sets its positive subsidy rate. Thus, when n; > nj, 
sy > sy > Oand st > si > 0. 

If ni < nj, then the terms of trade distortion dominate (are dominated by) the 
strategic distortion in country j (i), so that country j’s (t's) government sets a negative 
(positive) subsidy rate in the simultaneous move. The relaxation effect of the terms 
of trade distortion outweighs the deteriorating effect of the strategic distortion in 
country j, which implies that the follower government j reduces its rate of subsidy 
in response to the reduction in s;. The decrease in s; caused by the reduction in s; is 
beneficial for leader government i. This is the first-mover advantage. Since strategic 
distortion dominates both the negative first-mover advantage and the terms of trade 
distortion in country i, leader government i sets a positive subsidy rate. Thus, when 


ni > nj, sy > sy > 0, and 0 > sọ > si. 


5.4.2 Endogenous Timing 


We establish the following result about endogenous timing of subsidy from 
Lemmas 5.2, 5.3, and 5.4. 


Proposition 5.2 (Proposition 1 in Ohkawa et al. (2002)) 


(1) Suppose that there is the same number of firms in both export countries, i.e., 
ny = m; then the timing of decisions is simultaneous. Both governments 
subsidize their home firms. 

(2) Suppose that the difference in the number of firms between countries is just 1, 
i.e., ni = m + l orm = m + 1. Then the timing of decision is uncertain in 
the sense that the government of the country with the larger number of firms 
does not take any action regardless of the other government’s strategy. The 
government of the country with fewer firms subsidizes its home firms, while the 
optimal strategy of the other government is nonintervention. 

(3) Suppose that the difference in the number of firms between countries is more 
than 1, i.e., nı > m +2orm, > ny +2. Then the timing of decision is sequential. 
The government of the country with fewer firms acts as a leader and subsidizes 
its home firms, while the other government acts as a follower and imposes an 
export tax on its home firms. 


Proposition 5.2 states that if the number of firms in both country 1s the same, then 
the timing of subsidization is simultaneous; otherwise, it is sequential in the sense 
that the country with a smaller (larger) number of firms acts as a leader (a follower) 


5 Endogenous Timing in Trade Policy Under the Three-Country Model 83 


and sets a positive (negative) subsidy rate.'!? Proposition 5.2 demonstrates that the 
simultaneous move of bilateral governments is not general. The only exception is the 
case where the number of firms is identical between export countries. This implies 
that many previous studies based on the assumption of simultaneous moves need to 
be reexamined. 

We explain these results. Suppose that n; = nj. When rival country j’s 
government chooses the strategy F, the concerned country i’s government obtains a 
more advantageous position by changing its choice from F to L because a leader can 
control a rival’s subsidy rate indirectly, as shown in the second term of (5.25). Since 
the rival j’s reaction function is downward sloping in Result 5.3, leader country i 
can reduce s; by increasing si. 

When the rival country j’s government chooses strategy L, concerned country 
is government selects L. Otherwise, leader country j sets a higher rate of subsidy 
to decrease s; indirectly, because the slope of government 7’s reaction function is 
negative from Result 5.3. This results in the reduction of the level of country i’s 
welfare. Therefore, L is a dominant strategy for county i. This result holds in the rival 
country. Thus, both governments choose L, which results in simultaneous timing. 

Suppose that n; < nj. When rival country j’s government chooses strategy F, 
country i’s government chooses L to obtain the first-mover advantage. Since the rival 
j’s reaction function is upward sloping in Result 5.3, leader country i can improve 
its welfare by reducing s; in response to the reduction of 5;. 

When rival country j’s government chooses strategy L, country i’s government 
chooses L. Otherwise, the leader j sets a higher subsidy rate to decrease s; indirectly, 
because the slope of government 7’s reaction function is negative from Result 5.3. 
This is harmful for country i’s welfare. Therefore, L is a dominant strategy for 
county i. 

When country i’s government chooses L, which does country j’s government 
choose, L or F? Country j’s government chooses F. If so, then the leader government 
i decreases s; in order to reduce s;. The decrease in s; is beneficial for country j’s 
welfare. 


5.5 Free Trade vs. Bilateral Intervention 


In this subsection, we compare the level of each country’s welfare under bilateral 
government intervention with that of free trade. We define the third country’s 
welfare as consumer surplus, so that it is expressed as 


Q 1 
W, = | P (x)dx — P(Q)O = z2 (5.29) 


12 Arvan (1991) obtained similar results but did not explain clearly why these outcomes occur. 
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We calculate the level of each country’s welfare under free trade by setting sı = 
s2 = 0. From (5.4), (5.5), (5.10), and (5.29), these are given by 


wit =, Ea (5.30) 
(N-17 
Ie (5.31) 


where the superscript FT stands for free trade. 

Next, we calculate the welfare of the third country under intervention. We assume 
that country i’s government becomes a leader in the sequential move. In the case of 
simultaneous moves, we can derive from (5.29) and (B5.5) 


C (N+1)° , 


In the case of sequential moves, however, we can obtain from (5.29) and (C5.7) 


(2n; + 3)? 2 


Wx) = a. 
3 T Rm +22" 


(5.33) 


Considering endogenous timing of subsidization shown in Proposition 5.2, we com- 
pare welfare under free trade and bilateral intervention. From (5.16), (5.22), (5.23), 
(5.30), (5.31), (5.32) and (5.33), we establish 


Proposition 5.3 


(1) Suppose that n; = nj; then the timing of subsidization is a simultaneous move. 
For an exporting country i, welfare under bilateral intervention is smaller than 
under free trade. Suppose that n; > ni + 1. Then, the timing of subsidization is 
a sequential move led by leader government i. Leader country it’s welfare under 
bilateral intervention is greater than that under free trade. 

(2) Suppose that p(ni) > nj = ni +1 (n; = p(ni)). Note that p(nj) is a finite critical 
value. Then, the timing is a sequential move with leader government i as the first 
mover. Follower country j’s welfare under bilateral intervention is (not) smaller 
than under free trade. 

(3) Suppose that ni + 3 > nj = ni (nj = ni + 3). Then the welfare of the importing 
country under bilateral intervention is (not) larger than that under free trade.'° 


These results can be explained as follows: In the choice of a strategic trade policy, 
our assumptions of linear demand and identical unit cost enable each exporting 
country’s government to act as if there were a single firm in each country, whatever 
the actual number of firms. Once the subsidy and the profit of this fictitious firm are 
set at the optimal levels, then these are equally shared among the actually existing 
firms in each country. 


'3See Appendix F for the proof. 
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Now, keeping this in mind, we suppose that the government of country j acts as 
a follower, while government i acts as a leader in policy setting. Then, country i’s 
government can control the level of production in the second country. In so doing, 
country 7’s government regards country j as if it has only one firm. Hence, the total 
profit of the second country, which is guided by government i under the supposition 
that only one firm operates in country j, is determined only by the number of firms 
in the country i, as is the welfare level of country j. In the Stackelberg situation, 
the number of firms in country j is not related to the determination of its welfare 
level. This argument is supported by the fact that the number of firms in the second 
country n; does not appear in (5.22) and (5.23). 

However, without government intervention, the exporting country’s welfare 
decreases as the number of firms in a concerned country increases. Therefore, 
welfare in country j may be higher under government intervention than under free 
trade if the number of firms in country j becomes sufficiently large relative to that in 
country 1. 

We now turn our attention to the third importing country’s welfare. In view of 
the above discussion, we should notice that each country’s welfare is not affected 
by the number of firms in country j in the case of sequential moves. However, under 
free trade, the welfare of each producing country falls, and the welfare of the third 
country rises as the number of firms increases. As a result, an increase in the number 
of firms in country j reduces the welfare level of the third country under government 
intervention; thus, if the increase is sufficiently large, the welfare of the third country 
tends to be lower than that under free trade. 

These results indicate the following implications for the WTO. First, the 
difference in the number of firms between two exporting countries influences the 
welfare of the importing country. This means that the welfare of the importing 
country may be indirectly affected through trade by industrial policies, such as an 
antitrust policy and entry regulation, which can control the number of firms in an 
exporting country. For example, if the antitrust policy of country i is not strict against 
horizontal mergers, while that of country j is quite rigorous, then the number of 
firms in country i may be sufficiently smaller than that in the country j. As a result, 
bilateral intervention harms the third importing country’s welfare. Harmonization 
of trade policies with domestic public ones is necessary to protect the benefits of 
consumers in the importing country. 

Regarding export taxes, the WTO does not rigorously discuss them. This is 
because it is considered that an exporting country does not have a strong incentive 
to use export taxes in the promotion of trade. Contrarily, our results suggest that it is 
possible for a country with a larger number of firms to strategically choose an export 
tax. In our framework, the export tax is detrimental to the third country’s welfare; 
therefore, in this case, we need to consider export taxes in trade negotiation. 

Finally, we turn our attention to world welfare. World welfare is described as 


W* = X} WÉ, k = FT, C, LF (5.34) 
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From (5.16), (5.22), (5.23), (5.30), (5.31), (5.32), and (5.33), we obtain 





Ne 1 
mac” (5.35) 
Mad ee, 5.36 
INF ee) 
2(n; +2)? -1 
wl = 2a +2) —-1 5 (5.37) 


2[2(nj +2) 
From (5.35), (5.36), and (5.37), we establish 


Proposition 5.4 (Proposition 3 in Ohkawa et al. (2002)) Ifthe difference between 
the number of exporting countries’ firms is less (more) than three, then world 
welfare is better (worse) off under trade intervention than under free trade. If the 
difference is by only three, then world welfare is not affected by trade intervention.'* 


We derive one implication from this proposition. Though it is believed that for 
some countries free trade is not preferable under imperfect competition and that it 
is reasonable for countries to use strategic trade policies, free trade may be better 
than trade intervention from the view of world trade. This is particularly true in the 
case where market size sufficiently differs between exporting countries. Therefore, 
it is important for the WTO to promote free trade on the one hand and to adjust the 
benefits from free trade among trading countries on the other, even if the market 
obeys imperfect competition. 


5.6 Conclusion and Remarks 


Ohkawa et al. (2002) constructed a three-country model in which oligopolistic 
firms located in two countries export a homogeneous product to the third country’s 
market, and two exporting countries’ governments intervene in the market using 
an export subsidy (tax). They established that the government of the small country 
chooses to be a first mover and subsidizes its home firms, while the government 
of the large country becomes a second mover and imposes an export tax on its 
firms. We have investigated the economic explanation for why these results occur 
from the standpoint of the differences in the number of firms between two exporting 
countries, and we conclude as follows. 

Suppose that n; = nj. Since the relaxing effect of the terms of trade distortion 
dominates the deteriorating effect of strategic distortion for both exporting coun- 
tries, leader country i could reduce s; by increasing s;. This is beneficial for the 
leader country’s welfare. Thus, both governments seek to become a leader, and the 
timing of trade policy is simultaneous. 


l4See Appendix G for the proof. 
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Suppose that n; < nj. Given that the relaxing effect of the terms of trade distortion 
is dominated by the deteriorating effect of strategic distortion for country j, leader 
country 7 could reduce s; by decreasing s;, which is beneficial for country i. The 
decrease in s; is also beneficial for country j, which is an incentive to become a 
follower. Country i with fewer firms becomes a leader, while country j with more 
firms becomes a follower. Thus, the timing is sequential. 

We now compare the welfare of each country under free trade and bilateral 
intervention. We establish the following: Suppose that n; < nj. If the differences 
in the number of firms between two exporting countries are large, then the level of 
welfare in each exporting country under bilateral intervention is greater than that 
under free trade, and then the level of welfare in the third importing country under 
bilateral intervention is smaller than that under free trade. If the differences are very 
small, then the welfare of both exporting country i and that of the importing country 
under bilateral intervention is larger than under free trade and then that of country j 
under bilateral intervention is smaller than under free trade. 

Several implications are derived from our results. First, as long as the number 
of firms differs between exporting countries, the governments move sequentially. 
We therefore need to rigorously investigate the bilateral intervention described 
by the sequential move game rather than that by the simultaneous move one in 
the analysis of strategic trade policies. Second, the difference in the number of 
firms is crucial to each exporting country’s policy and welfare. Since domestic 
public policies can influence the number of domestic firms, those policies should 
be taken into account at the table of the WTO. Third, in our framework, an 
export tax is a possible choice for a large country. Export taxes are usually 
considered to harm the consumer surplus of importing countries since it raises the 
international price. Hence, careful attention should be paid to export taxes as well 
as export subsidies in trade negotiation. Finally, for world welfare, free trade is 
better than trade intervention, even under imperfect competition, if the difference 
in the number of firms exceeds 3 in degree between exporting countries. In this 
case, there is no reason to support strategic trade policies from the world welfare 
point of view. Hence, the WTO should promote free trade even under imperfect 
competition and adjust each country’s gain and loss from free trade by some 
instruments. 
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Appendix 


A Derivation of (5.13) 


Considering Q: = n% = a derived from (5.4) and oe derived from (5.5), 
we can rewrite (5.12) as 


(N — l)a + nisi + NjSj ni(nj+1) nila + (nj + l)si—njs; ni _¢ 
N N N N ` 
(A5.1) 
Rearranging terms on (A5.1) yields 
(nj + 1 —nj)a — 2n,(n; + 1)s; —nj(nj + 1 —nj)s; = 0. (A5.2) 


Therefore, we can easily obtain (5.13) from (A5.2). We can also obtain (5.14) by a 
similar calculation. 


B Derivation of sv and we 


Substituting s; = r;(s;) into the first term on the RHS of (5.15) yields 


ee nj—ni t+ | ern a a O l 1) (B5.1) 
2n;(nj ET 1) 2n;(ni F 1) 
After some manipulations, (B5.1) becomes 
N(n; —n; + 1 
= ALU n by (BS.2) 
n;Pp 
where 
2 


Pp = 3(m + 1)(m + 1) + X ni(ni + 1) — nm. 


i=l 
Rearranging g, we obtain 
Pz = n? + n5 + 2nın + 4(n; +m) + 3 


= (nj +m + 1)(m1 +m +3) 
= N(N + 2). (B5.3) 
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Thus, we derive (5.15) from (B5.2) and (B5.3). 
Substituting (5.15) into (5.4) and some manipulations yield 


n+ 1— ne+1— al 


Of = maf = fa + (y+ jo Gg ~ nit "a 
N ni(N + 2) ’ nj(N + 2) 


— E [ni (N +2) + (nj +1) + 1- ni) — ni(i + 1-— n)a 


1 3 
= gw gy O +2) + (y+ D? = nN +1) + ninja 
_ tN ntl 
O NN+2)) N42" 





(B5.4) 


Substituting (5.15) into (5.4) and rearranging terms, we obtain 


gop nī +i- al 


Of = 5 datni a nj. a 
N ‘ni(N + 2) * nj(N + 2) 


= NV D LN - DW +2) + Gy tl —m) + i +1—n)] 


ees, 


| B5.5 
TNH?" 7) 


We substitute (B5.4) and (B5.5) into (5.10), so that we have 


n+l 


C 
= (@- OO; = NFD” 


C Derivation of s*, s , Wy, and w 
Substituting s; = r;(s;) into (5.4) and (5.5) yields 


l ni + l-n; 
qi(Si, r;(si)) = N fa F (nj + 1)s; — "nme ns) 


— OTF [2 (n; + 1)(a + (nj + 1)si) — (ni + 1 — nj) (a — nisi) | 


l 2 
2(n; + DN | Na + (n; + Nini +n + 2ni + 2nj + 2); 
= at (nj t+ 2)si 


2(nj + 1) eo} 


9 
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and 


1 i+ 1 
Oet = wv — l)a + nisi + EG ns) 


=z ew P+ DA -D + (u + 1 = n)a) 


2(n; + DN {ni[2(n; re) ye Me nj) |si} 


= ——__— _${)2(n; + 1)N—-—N iNS; 
Soa pw (lm + DN -Ma + niNsa 
o (2n; + 1)a + nisi 

2(ni + 1) 


(C5.2) 
We can rewrite (5.19) as 
00; iy ; 0 00 , 
PO- 0) (F+5 F 2, s6) + pP'(0; (£ + r2 t) =0. (C53) 
Si OS; 
From (C5.1) and (C5.2), we get 

00; dQ; y” 0d; ue F _ nj (nj ae 2) 
Js; F a si) = nle T a 10) = WE) (C5.4) 
dO dQ T a Nj 
Bs t 85° = 3,4) Ea 


Substituting (C5.1), (C5.2), (C5.4), and (C5.5) into (C5.3) and rearranging terms 
yield 


(a — Q(si, r;(si)) (ni + 2) + Oi(5;, ri(si)) = 0 
(2ni + l)a + nisi a+ (ni +2)si _ 
e- 2(n; + 1) [e+= mD 
(a — nisi (ni + 2) — nia — ni(ni + 2)s; = 0 
a—n,(n; + 2)si = 0. 


We easily derive (5.20) from the above equation. Substituting (5.20) into s; = r;(s;) 
we can easily obtain (5.21). 


Substituting (5.20) into (C5.1) and (C5.2), we have equilibrium individual output 
and equilibrium total output as follows 


1 
qi = W575) = 574 (C5.6) 
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2nj +3 


sv, ri(s) = — a. Qe F 
Os}. ns) = 55 4 (C5.1) 
We also derive Q; from (C5.6) and (C5.7), that is 
ny + l 
Q; = Os; rj(s;)) — niq; = OCR) (C5.8) 


Therefore, we obtain the equilibrium level of welfare of each firm from (5.10) 
and (C5.6), (C5.7), and (C5.8): 


L m L øL an |e 2n; + 3 1 
WE = [a — Q(t, r(s))]OF = fa at al La 
= l 2 
= 4(ni+ 2)" 
a L el Fo = 2ni+3 n; + 1 
W; = [a - O65; 5657) ]Q; = fa 2(nj + 2) a] 2u +2) 7 2“ 
— m+l , 
~ 400; +2)” 
D Proof of Lemma 5.4 


Comparing W© with W” from (5.16) and (5.23) yields 


wo —wr = mtd mtd 
| © (N+ 2) 4(n; + 2) 





a” > (<)0. 


& ni < (>) +1. (D5.1) 
Comparing W? with W“ from (5.22) with (5.16) also yields 


1 ae 1 = 
Pa T T 





Wr -W° = 
= Fy gy _ i + 1)(nj + 2)] 
~ 4(nj + 2)(N + 2) á "i 
œ [(ni + 1) + (nj + 2)? — 4n + D(H; + 2) 


= [(n + 1) — (4, + DÝ = [ni — (J + DP > 0. (D5.2) 
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From (D5.1) and (D5.2), we derive the best response of country i’s government as 
follows. (1) Strategy L is its best response when n; < nj; (2) Both of them are its 


best response when n; = nj + 1; (3) Its best response is the strategy that is different 
from what the rival government chooses when n; > nj +2. Therefore, we can obtain 
Lemma 5.4. 


E Proof of Proposition 5.1 


Subtracting (5.15) from (5.20) yields 


L C I Nj + 1 — Ni 
s — s = ——~a — a 
© ni(nj + 2) ni(N + 2) 


X (ni +nj +3) — (ni + 2)(n; + 1 — nj) 
= (ni + 1)(n; + 1 — nj). (E5.1) 


From (E5.1), we can easily obtain the result that s > (<)s] when n; < (>)n; + 1. 
Subtracting (5.21) from (5.15) yields 


C F nit l= no a et 
Ss: —- | S Å M MS 
1! 7 nf(N+2) ni(m+2) 


where 
f (nj) = =r} — (ni + 3)nj + 2nj(n; + 2). 


We can easily show that f(n;) = ni > 0, f (ni +1) = —2(n; +2) < 0, and f’(nj) < 0 


for n; > 1. From (E5.2), therefore, sy > s; l 


F Proof of Proposition 5.3 


When n; = n; = n for (i,j) = (1,2), comparing (5.30) with (5.16) yields 
wit — we =— _ Fes aoe a a’ 
' (2n+ 1) (2n + 3)? 
(4n? + n— 1)a’ 


en a ee ee 
~(Qn+12Qn+32 ~ 0. (F5.1) 
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When n; > n; + 1, comparing (5.30) with (5.22) yields 


Ni l 
WET — WE =— g ee 
i OM ~ A(n; +2)" 


— 2 a ——= A A 2 2 
=Ma, g i +2) — (ni +n; + 1)*Ja 


ox — N?(n; + 2) < 0. (F5.2) 
From (F5.1) and (F5.2), we prove the statement (1) in Proposition 5.3. 


Next, we will prove the statement (2). When n; > n; + 1, comparing (5.30) 
with (5.23) for country j yields 


wit _ wF E ee 
J N? 4 (ni + 2)? 
x4(ni + 2)?nj; — (ni + 1)(n; + n; + 1)’. (F5.3) 


Note that when nj = n; + 1 and n; = ni + 2, the RHS of (F5.3) is positive because 


4(n; + 2)°nj — (ni + 1)(n; + n; + 1)? = 4(n; + 1)(2n; + 3) > 0, 
4(n; + 2)°n; — (ni + 1)(n; + n; + 1)? = 8n? + 27n; + 23 > 0. 
We can translate the RHS of (F5.3) as a quadratic function of n;: 
A(n; + 2)°nj—(n; + 1)(n; + nj + Da = 
= 4(n; + D nj — (ni + [i + 1) + 2(0; + 1n + n] 


= —(nj + In; +20? + 6ni + 7)nj — (ni + 1)? = h(n). 
(F5.4) 
Since h(n; + 2) > 0, there is a unique critical value p(n;) such that h(p(n;)) = 0 
in the interval [n; + 2, 00). From (F5.3) and (F5.4), therefore, we have proved the 
statement (2). 

Finally, we will prove the statement (3). When n; = n; = n for (i,j) = (1,2), we 
compare (5.32) with (5.31). Clearly, we obtain Wf" < WS. When n; > ni + 1, we 
compare (5.33) with (5.31): 

WIT —W3" X2(N — 1)(n; + 2) — (2n; + 3)N 
=N — 2n; — 4 = nj — (ni +3). (F5.5) 


Thus, we have proved the statement (3) from (F5.5). 
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G Proof of Proposition 5.4 


When n; = n; = n, we compare (5.36) with (5.35). Clearly, we obtain W'? < WS. 
When n; > n; + 1, we compare (5.37) with (5.35): 


Wt — W (N? — 1)(2(n; + 2))” — [(2(n; + 2))? — IN? 
=N* — (2(nj + 2))° 
ON — 2(nj + 2) = nj — (ni + 3). 


Thus, we have proved the Proposition 5.4. 
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Chapter 6 

Endogenous Timing Decision on Trade Policies 
Between Importing and Exporting Countries 
with Many Firms 


Yordying Supasri and Makoto Tawada 


Abstract This chapter examines strategic trade policy games where the number 
of firms in the importing and exporting countries differs and each firm plays as a 
Cournot oligopolist. Under the assumption of linear demand and constant marginal 
cost, we show that, if the number of firms in the exporting country exceeds that of 
the importing country by more than three, the government of the exporting country 
chooses to behave as a leader and imposes an export tax on home firms. The 
government of the importing country becomes a follower and imposes an import 
tariff on foreign firms. The result is opposite to that of the previous study, where 
each country has only one firm. 


Keywords Policy timing game ¢ Two-country model ¢ Arbitrary number of 
firms ° Tariff and subsidy 


6.1 Introduction 


One of the most important issues in the analysis of strategic trade policies is how 
an importing country should cope with an export subsidy by an exporting country 
and how an exporting country should cope with an import tax by an importing 
country. To address this issue, it is important to investigate the timing decision 
of trade policies between two countries. For instance, Collie (1994) investigated 
the possibility of an importing country’s countervailing duty where the endogenous 
timing decision on trade policies is taken into consideration as a part of the trade 
policy game. He showed in a simple two-country trade model that the timing of 
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the policy decision becomes sequential, where the importing country government 
moves first to introduce an import tariff and the exporting country government 
moves second to introduce an export subsidy. As a result, countervailing duties do 
not appear in the importing country. 

Collie (1994) illustrated this interesting result under the assumptions that there is 
only one firm in each country; all firms’ marginal costs are constant; the market is 
located in only the importing country, and its demand is linear. However, the result 
may be quite different if we relax some of these assumptions. In fact, Ohkawa et al. 
(2002) examined the endogenous timing decision on policies under a three-country 
model of the Brander and Spencer type (1985), assuming that the number of firms 
in each exporting country is arbitrary. They found that the timing decision of trade 
policies is heavily dependent on the number of firms in each country. 

Therefore, in the present chapter, employing the two-country model used by 
Collie (1994) but allowing an arbitrary number of firms in each country, we 
examine the timing decision of trade policies between two countries. Toshimitsu 
(2000) studied the same issue in a simple extended model of Collie’s where the 
constant marginal costs are identical in each country but differ between countries. 
To understand how the number of firms in each country affects the timing decision, 
however, we simplify the model by assuming that the marginal cost is identical even 
between two countries. 

The main results of this chapter are as follows: The importing country govern- 
ment moves first and the exporting country government moves second if and only 
if the number of firms in the exporting country is equal to or less than that of the 
importing country. As the number of firms in the exporting country becomes larger 
than that of the importing country, it becomes more likely that the exporting country 
government moves first and the other country government moves second. This is 
exactly so if the difference in the number of the firms is more than three. It is also 
shown in this case that the exporting country government uses an export tax rather 
than a subsidy. Hence, the subsidy is no longer a coherent policy choice for the 
exporting country. Moreover, in the case where the number of firms in the exporting 
country exceeds that of the importing country by just two, both governments move 
simultaneously. 

The remainder of this chapter is organized as follows: In Sect. 6.2 the main 
model is presented. Our analysis is explored in Sects. 6.3, 6.4, 6.5, and 6.6. An 
interpretation of the results is given in Sect.6.7. Section 6.8 is devoted to the 
conclusion. 


6.2 Main Model 


We consider an economy where two countries and one tradable commodity exist. 
One country is called an exporting country, and the other an importing country. 
Trade between the two countries occurs such that the exporting country exports the 
commodity to the other country. Each country has an arbitrary number of firms. 
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Consumption takes place only in the importing country, such that the whole amount 
of the commodity produced in the exporting country is exported to the importing 
country. 

The demand for the commodity in the importing country market is represented 
by the linear demand function Q = A—p, where Q is the demand for the commodity, 
p is the commodity price, and A is a positive parameter expressing the market size. 
Thus, the inverse demand function of this market is p = A— QO = P(Q). Let n and m 
be the numbers of the firms in the importing and exporting countries, respectively. 
The cost function C(x) = cx is identical for all firms, where x is a firm level output 
and c is a constant marginal cost. The market of the importing country is assumed 
to be sufficiently large to satisfy A > c. 

All firms compete in a Cournot fashion in the market. Prior to competition among 
firms, the governments of the importing and exporting countries intervene in the 
market by imposing a tariff t per unit on the imports and giving a subsidy s* per 
unit for the exports, respectively. The purpose of each government’s intervention is 
to maximize its own national welfare. Finally, we assume that each government not 
only sets the level of an import tariff or an export subsidy but also decides the timing 
of the policy intervention. 

Therefore, our present model is a three-stage game. In the first stage, the 
governments decide the timing of the policy intervention. In the second stage, given 
the timing of the policy decision in the first stage, the government of the importing 
country chooses the level of an import tariff to maximize its national welfare, while 
the government of the exporting country chooses the level of an export subsidy to 
maximize its national welfare. In the third stage, given the level of the import tariff 
and export subsidy determined in the second stage, each firm undertakes Cournot 
competition in the importing country’s market and sets the level of output. The 
subgame-perfect Nash equilibrium is introduced as a solution for this three-stage 
game. 


6.3 Analysis of the Third Stage 


We now solve the three-stage game introduced in the previous section with back- 
ward induction. All firms located in the same country have an identical cost function 
and face the common government intervention. Therefore, the firm output level is 
the same for all firms within a country. Let q and g* be the common output level of 
each firm in the importing and exporting countries, respectively. Considering this, 
we determine the behavior of the representative firm of the importing country to 
solve the third stage of the game. 
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The profit of the representative firm is expressed as 


x = (a — (q + (n—1)q + mq*))q, (6.1) 


where a = A — c > QO, q is the output of other firms in the importing country. 
Maximizing (6.1) with respect to q and bearing q = q in mind, we obtain the profit 
maximizing output under a given output level of the exporting country firms as 


a — mq* 
ee as 6.2 
: n+ 1 me) 


which is actually the reaction function of a firm in the importing country. Similarly, 
the representative firm’s profit in the exporting country is expressed as 


m* = (a — (nq + q* + (m—1)q*) —t+5*)q*, (6.3) 


where g*is the output of other firms in the exporting country. Maximizing (6.3) with 
respect to g* and bearing g* = q* in mind, we obtain the profit maximizing output 
under a given output level of the importing country firms as 


, a-—ng—-t+s* 


; 6.4 
m+ 1 of 


which is the reaction function of a firm in the exporting country. 
Solving (6.2) and (6.4), we obtain the Cournot equilibrium output of each firm in 
the importing country and the exporting country as 


a+ m(t — sx) ; 
q ell q(t — s”) (6.5) 


and 


x_a—-nt+tDO-5) one 
4g = a =q (s* — t), (6.6) 


respectively. Therefore, the total output in equilibrium is given as 


i (n + mja — m(t — s*¥) 


ae = Q(t — s*). (6.7) 


Q 


6.4 Analysis of the Second Stage 


The next step is to examine the second stage of the game. In the second stage, 
under the given level of an export subsidy set by the exporting country government, 
the importing country government selects the level of an import tariff to maximize 
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its national welfare. Likewise, under the given level of an import tariff set by the 
importing country government, the exporting country government chooses the level 
of an export subsidy so as to maximize its national welfare. The welfare of the 
importing country is defined as the sum of the consumer surplus, the profits of 
all firms, and the government’s net revenue. Since there is no consumption in the 
exporting country, the welfare of the exporting country consists of the sum of the 
profits of all firms and the government’s net revenue. 

The consumer surplus of the importing country can be derived as (A — p)? /2 by 
the demand function. Hence, the national welfare level of the importing country can 
be written as 


2 
+ nm + mtq* 


W = Wit,s*) = Aoo 


2 
= + (a — Q)nq + mtqg*, (6.8) 


By the use of (6.1), the national welfare of the exporting country can be written as 
W* = W*(s*, t) = m(n* — s*q*) 
= m(a — t — Q)q*, (6.9) 


by the use of (6.2). 

To derive optimal t, which maximizes W under a given level of s*, we 
substitute (6.5), (6.6), and (6.7) into (6.8) and then maximize (6.8) with respect 
to t. Then, we have the optimal t as 


(2n + l)a n(n—m+2)+ 1 


“Fea. a | 


from the first-order condition of the welfare maximization. Equation (6.10) is 
the reaction function of the importing country government to an export subsidy 
introduced by the exporting country government. 

Next, we consider the exporting country’s welfare. To seek the optimal level of 
s*, maximizing W* under a given level of t, we substitute (6.6) and (6.7) into (6.9) 
and then maximize (6.9) with respect to s*. As a result, the optimal s* can be 
obtained as 

» (n-m+l)a m—-n-I 


Imn + D) F = = r" (t), (6.11) 


which is actually the reaction function of the exporting country government to an 
import tariff imposed by the importing country government. 
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6.5 Some Lemmas 


Before inspecting the third stage of the game where the timing of the policy decision 
is endogenously determined, we need to observe the slopes of the government 
reaction functions and the shapes of the iso-welfare curves of both countries. For 
this purpose, we propose some lemmas to illustrate the reaction curves and iso- 
welfare curves. 

Since both government reaction functions are linear as seen in (6.10) and (6.11), 
we concentrate our attention on the coefficients of s* and t of the reaction functions 
to see their slopes. We then easily establish the following lemma on the slopes. 


Lemma 6.1 Concerning the slopes of the reaction functions of both countries, it is 
possible to classify them into the following five cases: 


Casel: Ifm <n, thenr'(s*) > 0 and r* (t) < 0, 

Case 2: Ifm=n+ l, then r'(s*) > 0 and r*' (t) = 0, 

Case 3: Ifm =n +2, then r (s*) > 0 and r*' (t > 0, 

Case 4: Ifm=n+3andn = l, then r'(s*) = 0 and r*' (t) > 0, 

Case 5: Ifm=n+3andn> 2, orifm > n + 4, then r (s*) < 0 and r*' (t) > 0, 
where r'(s*) = dr(s*)/ds* and r*"(t) = dr* (t)/dt. 


Our next task is to examine the iso-welfare curves. First, we observe the iso-welfare 
curve of the importing country, which is described as 


aw saw — 
s*/ ət 


dt 
W=W 0 


ds* 





We define the locus of dW/ds* = O with respect to s* and ¢ as the function tf = 
u(s*). Substituting (6.5), (6.6), and (6.7) into (6.8) and calculating DW/ds* = 0 
with the use of (6.8) yield 


E (n—m)a B m(2n + 1) "PT 
T eR enr ~“°) we 


Therefore, u(s*) has a slope opposite to that of r(s*) in sign. In particular, u(s*) is 
vertical when r(s*) is horizontal. Owing to (6.8), (6.12), and (6.13) and Lemma 6.1, 
we can establish 


Lemma 6.2 The following (i), (ii), and (iii) hold: 


(i) In Cases I, 2, and 3 of Lemma 6.1, where r'(s*) > O and u(s*) = 
du(s*)/ds* < 0, the slope of the iso-welfare curve of the importing country 
is positive if sgn(t — r(s*)) = sgn(t — u(s*)), and negative if sgn(t — r(s*)) £ 
sgn(t — u(s*)). 

(ii) In Case 5 of Lemma 6.1, where r'(s*) < 0 and u(s*) > 0, the slope of the iso- 
welfare curve of the importing country is negative if sgn(t — r(s*)) = sgn(t — 
u(s*)), and positive if sgn(t — r(s*)) Æ sgn(t — u(s*)). 
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(iii) In case 4 of Lemma 6.1, where r'(s*)is horizontal and u(s*) is vertical, the 
slope of the iso-welfare curve of the importing country is positive if sgn(t — 
a) = sgn(s* — B), and negative if sgn(t — a) # sgn(s* — B), where a is the 
constant term of r’(s*) in (10) and B = —(m — n)a/(m(2n + 1)). 


Proof See Appendix B. 
We also have 


Lemma 6.3 If s* > (<) — a/(n+ 1)’, the importing country welfare level along 
its reaction curve rises (falls) for an increase in s*. 


Proof See Appendix C. 


Using Lemmas 6.1, 6.2, and 6.3, we can illustrate the government reaction curve 
and the iso-welfare curve of the importing country as in Figs.6.1, 6.2 and 6.3. 
Figure 6.1 is for Cases 1, 2, and 3 of Lemma 6.1, Fig. 6.2 is for Case 4 of Lemma 6.1, 
and Fig. 6.3 is for Case 5 of Lemma 6.1. 

Equations (6.10) and (6.13) show that the curves t = r(s*) and t = u(s*) 
intersect at the point A = (t, s*) = (na/(n + 1)”, —a/(n + 1)’). The reaction curve 
t = r(s*) cuts the t-axis at B = (t, s*) = ((2n+ 1)a/ [2n(n + 1) + (m + 1)], O)and 
cuts the s*-axis at t = r(s*), point B in the figures. It also cuts the horizontal axis at 
D = (t,s*) = (0, —(2n + 1)a/ [n(n — m + 2) + 1]). Thus, at B, t > 0 in any cases. 
However, at D, s* < Oifm < n + 2, and s* > O0Oifm = n +3 andn > 2 or if 
m>n+4. 

As for the curve t = u(s*), it cuts the t-axis at E = (t,s*) = ((n—m)a/|n(n— 
m + 2) +1], 0). So, at E, t > Oifm <n, andt < Oifn <m < n + 2. Moreover, if 
m=n+3andn > 2orifm > n+ 4,t > Oat E. The curve t = u(s*) also cuts the 
s*-axis at F = (t, s*) = (0, (n—m)a/m(2n + 1)). So it is obvious that s* >, =, < 0 
according ton >, =, < mat F. These observations yield Figs. 6.1, 6.2, and 6.3. 


f=r(s*) 


i 





f=n(s*) 


Fig. 6.1 Reaction curve and the iso-welfare curves of the importing country where m < n + 2 
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f= us} 


B i= r(s*) 





Fig. 6.2 Reaction curve and the iso-welfare curves of the importing country where m = n + 3 
andn = | 





Fig. 6.3 Reaction curve and the iso-welfare curves of the importing country where m = n + 3 
and n > 2 or where m > n+ 4 


The movement of the iso-welfare curve of the importing country, which is drawn 
as W in each figure, in the direction indicated by the arrows indicates a higher level 
of the national welfare, because of Lemma 6.3. 

We turn our attention to the exporting country. The slope of the iso-welfare curve 
of the exporting country is 


x x 0 x 
ds oW / W (6.14) 


dt w*=w* 7 Ot Os* l 
We define s* = u*(t) as the relation of OW*/dt = O with respect to ¢ and s*. 
Substituting (6.6) and (6.7) into (6.9) and calculating dW* /dt = 0 by the use of (6.9) 
yield 


P 2a rl), 
s = —— — —— t = 
m—n—]1 m—-n—-1 


u* (0). (6.15) 
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s®=r*(t) 


Fig. 6.4 Reaction curve and the iso-welfare curve of the exporting country where m < n 


Because of (6.11) and (6.15), the slope of u*(t) is opposite to that of r*(f) in sign. 
In view of (6.9), (6.14), (6.15), and Lemma 6.1, we obtain 


Lemma 6.4 The following (i), (ii), and (iii) hold. 


(i) In Case 1 of Lemma 6.1, where r*'(t) < 0 and u*’(t) > 0, the slope of the iso- 
welfare curve of the exporting country is negative (positive) if sgn(s*—r*(t)) = 
(F)sgn(s* — u* (t)). 

(ii) In Cases 3, 4, and 5 of Lemma 6.1, where r*’(t) > 0 and u* (t) < 0, the 
slope of the iso-welfare curve of the exporting country is positive (negative) if 
sgn(s* —r*(t)) = (F)sgn(s* — u*(t)). 

(iii) In Case 2 of Lemma 6.1, where r*'(t) = 0 and u*' (t) = œ, the slope of the iso- 
welfare curve of the exporting country is positive (negative) if sgn(t —a*) = 
(~)sgn(s* — B*), where a* = a/(n+ 1) and B* = 0. 


Proof The proof is given in Appendix D. 
Furthermore, we obtain: 


Lemma 6.5 Suppose t > (<)a/(n + 1); then the welfare level of the exporting 
country moves up (down) along its government reaction curve as t increases. 


Proof Given that this lemma can be proved in a similar manner to that of 
Lemma 6.3, we omit the proof. 


Using Lemmas 6.1, 6.4, and 6.5, we can depict the government reaction curves 
and iso-welfare curves of the exporting country as in Figs. 6.4, 6.5, and 6.6. 

Figures 6.4 is for Case 1 of Lemma 6.1, Fig.6.5 is for Case 2 of Lemma 6.1, 
and Fig. 6.6 is for Cases 3, 4, and 5 of Lemma 6.1. In these figures, G exhibits the 
point where the two curves s* = r*(t) and s* = u*(f) intersect; thus, (t,s*) = 
(a/(n + 1), 0) at G. The reaction curve s* = r*(t) cuts the s*-axis at s* = (n — 
m + 1)a/2m(n-+ 1). This point is signified as H in the figures. Concerning point H, 
s* > 0ifm <nands* < 0ifm > n + 2. As for the curve s* = u*(f), it cuts the 
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s*=n*(f) 





Fig. 6.5 Reaction curve and the iso-welfare curve of the exporting country where m = n + 1 


s*=H*(f) s= r"ir) 


G 





Fig. 6.6 Reaction curve and the iso-welfare curve of the exporting country where 


s*-axis at s* = 2a/(m — n — 1). This point is signified as I in the figures. Hence, at 
point I, s* < Oif m <nands* > O0ifm>n-+2. 

In these figures, the iso-welfare curves can be drawn as W* owing to Lemma 6.4. 
When these curves move to the direction indicated by arrows, the national welfare 
level of the exporting country goes up in view of Lemma 6.5. 


6.6 Analysis of the First Stage 


Combining the figures of the government reaction curves of both countries, we can 
see the timing of the two countries’ trade policy decisions. We will analyze each 
case of Lemma 6.1 independently. 


Case 1. m < n where r'(s*) > Oandr*’(t) < 0. 
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s*=r*ir) 


Fig. 6.7 Equilibrium of the policy game where m < n 


In this case, Figs.6.1 and 6.4 yield Fig.6.7. In this figure, the shaded area 
expresses the Pareto superior region to the Cournot-Nash equilibrium point C, where 
the two reaction functions intersect. Point G is located in the first quadrant because 
t = (2n + l)a/ [2n(n+ 1) + (m+ 1)] of B is lower than t = a/(n + 1) of G. 
The exporting country’s reaction curve passes through the Pareto superior area, as 
seen in the figure. Therefore, applying Hamilton and Slutsky’s theorem, the timing 
decisions of the two governments are sequential, such that the importing country 
government moves first as a leader and the other moves second as a follower. As a 
result, the government policy game becomes a Stackelberg type, and the equilibrium 
is indicated by point S in Fig. 6.7. 

Let us calculate t and s* at S. Because the importing country government acts as 
a leader, it maximizes W = W(t, s* (t)) with respect to t. We then obtain 


— (2n+l1)a 
i= On 341) > 0 (6.16) 


and 


» (n-m+l)a 
= m(2n + 3)(n + 1) A oa 


at the equilibrium S, which is in the first quadrant of Fig. 6.7. This implies that the 
importing country government uses an import tariff, while the exporting country 
government adopts an export subsidy. 


Case 2. m =n + 1 where r’(s*) > 0 and r* (t) = 0. 


In this case, Fig. 6.8 is derived from Figs.6.1 and 6.6. Whatever policy the 
importing country government chooses, the exporting country government does not 
execute any trade policy. This implies that the exporting country government is not 
concerned about the timing of the trade policy decision. In the figure, the equilibrium 
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i= r(s* i] 





Fig. 6.8 Equilibrium of the policy game where m = n + 1 


point appears as point B(=C) such that t = (2n + l)a/(2n + 3)(n+ 1) > 0 
and s* = 0. Thus, the importing country government imposes an import tariff on 
imports, while the other government does nothing. 


Case 3. m = n + 2 where r’(s*) > 0 and r*'(t) > 0. 


In this case, Fig. 6.2 combined together with Fig. 6.5 yields Fig. 6.7. In the figure, 
G is located above B. We can observe that D takes a position in the left-hand side 
of H along the s*-axis. This is because s* = —(2n + 1)a/ [n(n—m + 2) + 1] at D 
is smaller than s* = (n —m-+ 1)a/2m(n + 1) at H. Hence, two reaction curves 
intersect in the second quadrant. The point is exhibited as C, where 


(2n? + 4n + l)a 


aa a e oa 


and 


a 
“On = ones p> 
(2n* + 6n + 5)(n + 1) 


s = 


(6.19) 


in view of (6.10) and (6.11). 

To seek the Pareto superior region to C, we draw the iso-welfare curves of both 
countries at C. As already shown, G is the point where the exporting country’s 
welfare is the lowest along its reaction curve, while A is the corresponding point 
for the importing country. In fact, A should be located below C along the importing 
country’s reaction curve. This is because s* = —a/(n + 1)? < 0 at A is smaller 
than that of C. In Fig.6.9, W and W* are, respectively, the iso-welfare curves 
of the importing and exporting countries passing through C. The shaded area is 
Pareto superior to C. According to Hamilton and Slutsky’s theorem, both countries 
move first, so that the equilibrium point becomes C. Thus, equilibrium ¢ and s* are 
those (6.18) and (6.19), respectively. The importing country and exporting country 
governments use an import tariff and an export tax, respectively, in this case. 
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4 16 


Fig. 6.10 Equilibrium of the policy game where m = n + 3 and n = 1 


Case 4. m =n +3 andn = 1 where r’(s*) = 0 and r*' (t) > 0. 


Since n = 1 and m = 4 in this case, the government reaction functions reduce to 
t = r(s*) = a/4 and s* = r* (t) = —a/8 + t/4, from which we have Fig. 6.10. 

In the figure, two reaction curves intersect with each other at C, where t = a/4 > 
0 and s* = —a/16 < 0. The shaded area represents the Pareto superior region to C. 

Figure 6.10 enables us to apply a similar argument to Case 2 and to conclude 
that the exporting country government moves first with an export tax and the other 
government is indifferent to the timing of the decision but uses an import tariff. 


Case 5. m=n+3andn > 2,orm > n + 4, where r (s*) < 0 andr*’(t) > 0. 


Figures 6.2 and 6.5 assure Fig. 6.11 in this case. 

The government reaction curve of the importing country passes through in the 
shaded Pareto superior region to the Cournot point C. Then, in a manner similar 
to Case 1, we can conclude that the exporting country government moves first 
and the other moves second in policy timing. Accordingly, we have a Stackelberg 
equilibrium indicated by S in the figure. 
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f=r(s*) 


Fig. 6.11 Equilibrium of the policy game where m = n + 3 andn > 2,orm>n-+4 


The equilibrium values of t and s* are, respectively, 


B |(n + 1) 2n + 1) + nm| a 
~ aF IP nn +2) + m+] aa 


and 


EENE AA 
a 2(n + 1)? [n(n + 2) +m+4 1] ee 


implying that the importing country government imposes an import tariff, while the 
other imposes an export tax. 

We are now in a position to summarize all of these results as the following 
proposition: 


Proposition 6.1 Suppose that the market demand is linear and all firms have an 
identical constant marginal cost. Then, depending on how different the number of 
the firms between countries is, the timing of policy decision and the type of trade 
policy adopted in each country are as follows: 


1. If the number of firms in the importing country is equal to or greater than that 
of the other country, the timing of the policy decision is sequential, such that the 
importing country government moves first and the exporting country government 
moves second. The former government imposes an import tariff, and the latter 
government uses an export subsidy. 

2. If the number of firms in the exporting country is larger than that of the importing 
country by just one, the timing of policy intervention is such that the importing 
country government moves first and the exporting country is indifferent to the 
timing decision. The former government imposes an import tariff, and the latter 
government never intervenes in trade. 

3. Ifthe number of firms in the exporting country is larger than that of the importing 
country by just two, the timing of trade intervention is simultaneous, such that 
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both governments move at once. The importing country government uses an 
import tariff, and the other adopts an export tax. 

4. If the number of firms in the exporting country is larger than that of the 
importing country by just three and if only one firm exists in the importing 
country, the timing of trade intervention is such that the importing country 
government is indifferent to the timing and so the other government moves first. 
The former government uses an import tariff, and the latter uses an export tax 
for intervention. 

5. If the number of firms in the exporting country is larger than that of the importing 
country by just three and the number of firms in the importing country is more 
than one, or if the number of firms in the exporting country is larger than that 
of the importing country by at least four, then the timing of trade intervention is 
sequential, such that the importing government moves first and the other moves 
second. The former government uses an import tariff, and the other uses an 
export tax for trade intervention. 


Table 6.1 is for a summary of Proposition 6.1. 


6.7 Interpretation of the Results 


Here, we present an intuitive explanation of the above results. We focus only on 
the results (1) and (5) of Proposition 6.1, which are extremely opposite, since other 
cases are marginal cases between these two. 

Consider first the case where the number of firms in the importing country is 
equal to or larger than that of the exporting country. Since the market shares of the 
firms in the importing and exporting countries are ng and mq*, respectively, the gap 
between these market shares is 

— (n—m)a+ m(2n + 1)(t—s*) 


=o 2 ee 6.22 
nq — mq an] (6.22) 


by (6.5) and (6.6). Since n > m, it is clear from (6.16) and (6.17) that t > s*. 
Therefore, we have ng > mq*. As the market share of the exporting country firms 
is small, the exporting country government attempts to enlarge the market share by 
an export subsidy. In the importing country, consumption depends mainly on the 
products of the domestic firms rather than imports, and the importing country’s 
welfare depends mainly on consumer surplus and the profits of the domestic 
firms. These two elements are in conflict with respect to the commodity price. 
If the commodity price goes up, the consumer surplus decreases, and the profits 
of domestic firms increase. In the case where the market share of the domestic 
firms is sufficiently large, however, the total profit accruing to the domestic firms is 
more influential on welfare than the consumer surplus. Thus, the importing country 
government prefers to use a tariff as its trade policy. 
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To understand our result on the timing in this case, we should first notice 
by Fig.6.7 that the importing (exporting) country welfare country goes up as 
an increase in the level of the tariff (subsidy) along its reaction curve at the 
Cournot point where two reaction curves intersect. Taking this into account, we 
can determine whether a country prefers to be a leader or a follower by the shape 
of its reaction curve. The exporting country government has a negatively sloping 
reaction curve, so that its strategy is useful to the importing country’s welfare; 
namely, if the exporting country government wants to raise its welfare level along 
the reaction curve, the importing country welfare also goes up. However, since the 
reaction curves of the importing country are positively sloping, the strategy of the 
importing country government is in conflict with the exporting country’s welfare. 
That is, if the importing country wants to raise its welfare level along the reaction 
curve, the exporting country’s welfare necessarily falls. These facts determine the 
equilibrium of the timing game such that the exporting country government moves 
second, while the importing country government moves first. 

Similarly, we can provide an intuitive explanation of our results in the case where 
the number of firms in the exporting country exceeds that of the importing country 
by more than three. In this case, we have t — s* > 0 from (6.20) and (6.21). 
Then, by (6.22), we obtain|(n — m)a| > |m(2n + 1)(t — s*)|. Therefore, ng < mq*. 
The market share of the exporting country firms is so large that consumption in 
the importing country depends much on imports rather than domestic products. 
This means that exports affect the commodity price more seriously than domestic 
products. Thus, to retain monopoly rents, the exporting country government prefers 
to use the export tariff to prevent the commodity price from falling. However, the 
importing country welfare depends substantially on the revenue from the import 
tariff, so that the importing country government is fond of using a tariff as a trade 
policy. According to Fig. 6.11, the importing (exporting) country welfare rises as a 
decrease in the tariff (subsidy) along its reaction function at the Cournot point where 
the two reaction curves intersect. This, together with the fact that the importing 
(exporting) country government has the reaction curve with a negative (positive) 
slope, reveals that the strategy of the importing (exporting) country government is 
favorable (unfavorable) to the other country’s welfare. So, the exporting country 
government prefers to move first, and the other prefers to move second. 


6.8 Concluding Remarks 


Concerning the trade policies between exporting and importing countries, it is 
interesting to ask which case is the more plausible: the case where, as the exporting 
country government encourages exporting firms to export by giving an export 
subsidy, the importing country government imposes a countervailing duty on the 
imports to protect the domestic firms or the case where, as the importing country 
government tries to protect the domestic firms by imposing a tariff on imports, the 
exporting country government uses an export subsidy as a counter policy. 


112 Y. Supasri and M. Tawada 


Collie (1994) investigated this problem and showed that the importing country 
government intervenes first in trade and the exporting country government reacts to 
it. Collie’s analysis (1994) was, however, based on the assumption that there is only 
one firm in each trading country. Thus, we relaxed this assumption by allowing any 
number of firms to exist in each country and examined Collie’s proposition. Then, 
we found that Collie’s proposition holds only if the number of firms in the importing 
country is equal to or greater than that of the exporting country. If the number of 
firms in the exporting country exceeds that of the importing country by more than 
three, a result opposite to Collie’s appears; that is, the exporting country government 
moves first and the other moves second in the trade intervention. We also showed 
that the exporting country government uses subsidy as a trade intervention only if 
the number of firms in the exporting country is not less than in the other country. 
In any other cases, the exporting country government prefers to use an export tax 
whenever the government intervenes in trade. 

In the present chapter, we confined our analysis to the case where the marginal 
cost is identical among all firms in each country as well as between countries. 
This assumption is stronger than Collie’s, where the marginal cost does not need 
to be identical between two countries. By this stronger assumption, we could reveal 
mechanically the essence of the relation of the timing of policy decisions with the 
difference in the number of firms between countries. 
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Appendix 


A: Theorem 5 of Hamilton and Slutsky (1990) 


(A) The case where both reaction functions have slopes of the same sign. 


(1) When neither reaction function intersects the Pareto superior set relative 
to the simultaneous move equilibrium, the unique equilibrium of the 
extended game is the simultaneous move equilibrium. Both players intend 
to move first (intend to be leader). 

(11) When both reaction functions have slopes opposite in sign, one and only 
one reaction function enters the set of outcomes Pareto superior to the 
simultaneous move outcome, so the unique outcome in the extended game 
is that the player whose reaction function enters the Pareto superior set 
moves second (acts as follower), and the player whose reaction function 
does not enter the Pareto superior set moves first (acts as leader). 
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B: The proof of Lemma 6.2 


Substituting (6.5), (6.6), and (6.7) into (6.8) and maximizing (6.8) with respect to f, 
we have 


al = p{(2n+ lat (n(n—m+2)+1)s*—[(2n(n+2)+(m+2)]t} = 0, (B6.1) 


where y = m/(n +m + 1)”. Equation (6.10) can be derived by rewriting (B6.1). 
Notice that OW/dt = 0 at t = r(s*). This, together with (B6.1), yields 


oW 
Zo as t—r(s*). (B6.2) 
ot < > 
Similarly, we can derive 
oW ž 
~ p{(m —n)a + m(2n + 1)s* + (n(n—m-+ 2) + 1)t} = 0, (B6.3) 
S 


From which we have (6.13). 
Suppose m < n + 2, implying that the reaction function of the importing country 
has a positive slope. Then, n(n — m + 2) + 1 > 0, so that we derive 


aw 
SPE a): (B6.4) 
os* > > 





by a similar way to derive (B6.2). 

Next, suppose the case where m = n+ 3 and n > 2 or where m > n + 4; then the 
reaction function of the importing country has a negative slope and n(n—m+2)+1 < 
0. In this case, we have 


WG. $e, (B6.5) 
Oos* < > 





Making use of (6.12), we can examine the slope of the iso-welfare curve of the 
importing country. In the case where m < n + 2, in view of (B6.2), (B6.4), 
and (6.12), the slope of the iso-welfare curve of the importing country is positive 
(negative) if sgn(t — r(s*)) = (#)sgn(t — u(s*)). In the case where m = n + 3and 
n > 2 or where m > n + 4, in view of (B6.2), (B6.5), and (6.11), the slope of the 
iso-welfare curve of the importing country is negative (positive) if sgn(t — r(s*)) = 
(A)sgn(t — u(s*)). 

Similarly, in the case where m = n + 3 and n = 1, we can show (iii) by (B6.2), 
and (B6.3) implies (iii). 
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C: The Proof of Lemma 6.3 


The importing country’s welfare in its government reaction curve t = r(s*) can 
be expressed as W = W(r(s*), s*). To investigate how the welfare on the reaction 
curve changes by an increase in s*, we differentiate W = W(r(s*), s*) with respect 
to s*. Then we have 


dW(r(s*),s*) ƏW dr dW OW csi 

ds* = ðt d*  ðs* ðt’ en) 
because of dW/dt = 0 on the reaction curve. 

According to (6.10) and (6.13), the two curves t = r(s*) and t = u(s*) intersect 

at the point where t = na/(n + 1)” > 0 and s* = —a/(n+ 1)? < 0. Suppose that 
m <n + 2. Then it follows from (B6.4) that 


; 
Yas 4 ae). (C6.2) 
os* > > 





Therefore, we assert that: 


oW 
os* 





< < 
—0 along the curve of t = r(s*) as s*— 2 (C6.3) 
> 


> (n+)? 


This covers Cases 1, 2, and 3 of Lemma 6.1. In the other cases of Lemma 6.1, we 
can also show (C6.3) in a similar way. 


D: The Proof of Lemma 6.4 


Applying the same method to obtain (B6.1) and (B6.3), we have 





< = o{(n—m+ l)a + (n+ 1)(m—n— 1)t— 2m(n + 1)s*} = 0.  (D6.1) 
S 
and 

aw* 





a (n+ 1)ọ{—2a + 2(n + 1)t+ (m—n-—1)s*} = 0. (D6.2) 


By the use of these two equations and the same way used to prove Lemma 6.2, we 
can show the lemma. 
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Part III 
The Roles of Trade Policies 


Chapter 7 
Government Intervention Brings About 
Free-Trade Outcomes in the Long Run 


Takao Ohkawa, Masayuki Hayashibara, Ryoichi Nomura, 
and Makoto Okamura 


Abstract We examine the long-run effect of government intervention on economic 
outcomes in an importing country in a three-country framework with free entry 
of the importing country’s firms. We establish the following. [1] The long-run 
equilibrium total output (or price) level under government intervention regime is 
the same as that under the free-trade regime. Without the imposition of a tariff, the 
importing country’s welfare is unaffected by any level of export subsidy. [2] In the 
long-run equilibrium, each exporting country’s government sets a positive subsidy 
level such that each exporter can attain the equilibrium outcome when it adopts 
marginal cost pricing. 


Keywords Strategic trade policy ° Long-run equilibrium ° Strategic interaction ¢ 
Marginal cost pricing 


7.1 Introduction 


Many researchers have dealt with various topics of strategic trade policy game in a 
three-country framework. Brander and Spencer (1985) (Eaton and Grossman, 1986) 
showed that optimal export subsidy level is positive when each exporter becomes 
a Cournot (Bertrand) duopolist in the importing country market. Krishna and 
Thursby (1991) extended Brander and Spencer’s (1985) model by proposing that 
each exporting country has more than one firm and showed that whether exporting 
governments should use an export subsidy or tax depends on the relative magnitude 
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of strategic distortion and terms of trade distortion. Hwang and Schulman (1993) 
introduced the stage where each government chooses either market intervention or 
free trade in Krishna and Thursby’s (1991) model. They showed that two types of 
equilibria emerged: if the difference between the number of exporting firms is not 
less than 1, then quasi-free trade (unilateral intervention) occurs; otherwise, bilateral 
intervention occurs. In other words, unilateral intervention tends to emerge. These 
articles are short-run analyses in that the number of exporters is fixed; 1.e., entry-exit 
behavior is not considered. 

Schulman (1997) and Etro (2011) are exceptional articles in the three-country 
framework with entry-exit behavior. Schulman (1997) introduced the entry-exit 
behavior of each country’s exporter into Hwang and Schulman’s (1993) model and 
examined the equilibrium outcomes in the long run. They showed that bilateral 
intervention occurs in a certain range of both the difference in the number of firms 
between two exporting countries and the fixed entry cost. They also showed that 
free trade may occur in another range. These results are different from those in the 
short run. 

Etro (2011) constructed a “n country” model with general demand and cost 
functions where one firm exists in each country. In this generalized model of the 
three-country framework, he examined unilateral intervention by export subsidy in 
the home country and concluded the following: the home government sets a positive 
rate of export subsidy under competition in quantity as well as price when the 
number of exporting firms is endogenously determined; it sets a positive (negative) 
rate under competition in quantity (price) when the number of firms is exogenously 
determined.! 

Certainly these studies examined the long-run equilibrium by focusing on the 
endogeneity of the number of exporters, but they neither explicitly compared the 
short-run equilibrium outcome with that of the long-run nor provided the intuitive 
explanation of the long-run outcome. Hayashibara et al. (2007) partially showed the 
former comparison but did not address the latter’s intuitive explanation. This chapter 
will add some new results to this comparison and try to explain the differences in 
the equilibria. 

To this end, we consider the three-country framework with the entry of the third 
importing country’s firms.” This framework is regarded as an extension of Brander 
and Spencer (1985) and Krishna and Thursby (1991). We construct the following 
three-stage game: In the first stage, each foreign exporting country government 


'Strategic trade policy under free entry has also been analyzed in other frameworks. For example, 
Venables (1985) examined strategic subsidy and tax in the reciprocal dumping model under free 
entry and exit. Markusen and Venables (1988) compared the effects of trade policies in a segmented 
market with their effects in an integrated market. De Santis and Stähler (2001) examined optimal 
taxes and domestic production subsidies for exporting industries under free entry, assuming that 
domestic firms are not subject to competition by foreign firms in the domestic or foreign markets. 
“In developing countries, the following phenomenon is often observed: domestic firms enter into 
their respective markets, where exporters solely belonging to developed countries supply a good, 
and then the domestic firms compete against the foreign exporters. 
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determines the level of export subsidy to its firms. In the second stage, given the level 
of export subsidy set by each exporting country government, each of the importing 
country’s firms determines whether to enter the importing country’s market. In the 
third stage, given the subsidy rates and the number of firms, all firms compete in 
Cournot fashion in the home country market. 

We establish the following: (1) In the short-run equilibrium, strategic inter- 
action of policy variables through price change occurs, whereas in the long-run 
equilibrium, strategic interaction vanishes; 1.e., strategic independence prevails. (2) 
Owing to strategic independence, the optimal subsidy rate brings about marginal 
cost pricing in the long run. (3) Strategic independence brings about the irrelevance 
result: the equilibrium outcome does not depend at all on the timing of subsidy 
policy implementation or the difference between the numbers of the three countries’ 
firms in the long run. (4) Strategic independence allows the equilibrium price under 
government intervention to equal that under free trade. 

We will extend our model by introducing an import tariff. This extension adds 
to the first-stage subgame mentioned above the tariff policy implemented by the 
importing country’s government. We establish the following result: (5) Even if a 
tariff is introduced into our model, the result shown in (4) holds. 

The rest of the chapter is organized as follows: Sect. 7.2 presents the model. 
Section 7.3 analyzes the short-run equilibrium. Section 7.4 examines the long-run 
analysis. Section 7.5 shows the main results. Section 7.6 introduces the import tax 
to our model and shows some results. Section 7.7 concludes the chapter. Section 7.7 
provides a mathematical appendix. 


7.2 The Model 


The model consists of two foreign exporting countries, named country | and country 
2, and one home developing country named country 3. In this model, solely a 
homogeneous goods market exists. Our model can be considered as an extension of 
the three-country model of Krishna and Thursby (1991) in that it adds firms native 
to the importing country. 

An inverse demand function of country 3’s market is p = p(Q) where p is the 
market price and Q 1s the total output. We impose the following assumption: 


Assumption 7.1 p’(Q) < 0 and p’(Q)O + p'(Q) < 0.° 


There are n; firms in country i(= 1, 2,3) with nı > 1, nz > 0 andn3 > 0. A cost 
function of firm k in country i is cj, = ci(qik), i = 1,2,3,k = 1,...,n; where qig is 
quantity supplied by firm k in the country i. We assume that 


3This condition ensures that demand function is not too convex. 


122 T. Ohkawa et al. 


Assumption 7.2 c;(gix) is a convex function of qig satisfying c;i(0) = 0, ci(qir) = 9, 
and c! (qik) > 0 for any qig = 0. 


In the short-run analysis, the number of firms in each country, 1, 2, and 3 is assumed 
to be exogenously fixed; however, in the long-run analysis, the number of firms 
in exporting countries 1 and 2 is assumed to be exogenously fixed, while that in 
importing country 3 is assumed to be endogenously determined. 

In the short-run analysis, we consider the following two-stage game. In the first 
stage, each exporting country government simultaneously determines its subsidy 
level s;(i = 1,2). In the second stage, all firms compete Cournot in country 3’s 
market. In the long-run analysis, however, we consider the following three-stage 
game: The first stage is the same as that in the short-run analysis. In the second 
stage, each domestic firm in country 3, a potential entrant, determines whether to 
enter its domestic market. In the third stage, all firms compete Cournot in country 
3’s market. Using backward induction, we solve the above games. 


7.3 Short-Run Analysis 


In this section, we try to obtain the short-run equilibrium. We consider the second- 
stage subgame. Given the export subsidy rate (s;) in country j(= 1,2) and the 
number of firms in each country n;(i = 1,2,3), all firms compete a là Cournot 
in country 3’s market. 

In an exporting country j(= 1,2), the profit of a firm k(= 1,2,...,n;) is 
described by 


Tik = P(Q) qx — Ci (Qik) + Sjaj. (7.1) 
From (7.1), the profit-maximizing condition for each firm in country 7 is given by 
P'(Q)qjx + p(Q) — clar) + s; = 0. (7.2) 


We focus on the semi-symmetric equilibrium, i.e., qk = qj = qj(s1, 82). 
In importing country 3, the profit of a firm k(= 1,2,...,73) is given by 


3x = P(O)q3x — €3(g3x) — F, (7.3) 


where F(> 0) is a fixed entry cost. Assuming semi-symmetric equilibrium, q3k = 
q3, the profit-maximizing condition for each firm in country 3 is 


p'(Q)q3 + p(Q) — c3(q3) = 0, (7.4) 
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which is derived from (7.3). In the first stage, each exporting country government 
sets its subsidy rate s; to maximize the level of its welfare 


W; = nj(p(Q)qj — c;(q;)). (7.5) 


The welfare-maximizing condition for country j is derived from (7.5): 


OW; , 0 / 00; 
1 =n [a2 - (=< =| =o, (7.6) 
J 


Os; J 0S; 


where ae = ae nj ot, j = 1,2. From (7.2) and (7.6), we obtain the optimal 
J J 
subsidy level in the short-run equilibrium as follows: 


0 0 

SR / 35; / A / l 

S$ = UP Gag, + Pda, tG — (7.7) 
35; 35; 


for (j, D = (1,2) and j Æ J. * The optimal subsidy rate in the short-run equilibrium 
a . has to satisfy (7.7). The equation (7.7) corresponds to (A-8) in Krishna and 
Thursby (1991). The first term on the right-hand side (RHS) represents the strategic 
distortion for the rival exporting firms. The second term is the strategic distortion 
for the importing country’s firms, whereas the third term shows the terms of trade 
distortion. 

The strategic distortion is as follows: a country’s subsidy enhances its firms’ 
outputs, with a decrease in rival firms’ outputs through strategic substitutability. 
Therefore, a country’s subsidy enhances its firms’ profits as well as its own welfare. 
The terms of trade distortion are as follows: a country’s subsidy enhances its firms’ 
outputs, which causes a decrease in market price. Price reduction brings about a 
decrease in its firms’ profits. 

From (7.7), we establish the following result: 


Proposition 7.1 Suppose that the entry of the importing country’s firms occurs. If 
the sum of the strategic distortion for the firms in the rival exporting country and 
that in the importing one dominates (is dominated by) the terms of trade distortion, 
then the optimal export subsidy level is positive (negative).° 


Whether the equilibrium subsidy is positive depends on the difference of the 
number of firms among countries. When the number of firms in a concerned 
exporting country is much greater (smaller) than that of the rival country’s and the 
importing country’s firms, the term of trade distortion dominates (is dominated by) 
the strategic distortion. From Proposition 7.1, therefore, the equilibrium subsidy rate 
in the concerned country is negative (positive). 


*The derivation of (7.7) is shown in Appendix A. 
>We assume that all firms in the exporting country are viable in the short-run equilibrium. 
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This result is similar to what Krishna and Thursby (1991) showed. The only 
difference between (7.7) and (A-8) in Krishna and Thursby (1991) is whether 
strategic distortion for the importing country’s firms prevails. The entry of the 
importing country’s firms enhances strategic distortion, implying that the entry is 
liable to make s?" positive. 


7.4 Long-Run Analysis 


7.4.1 Third-Stage Subgame 


Following Szidarovzky and Yakowitz (1977), we derive a fitting-in function 
from (7.2) as follows: 


qj = fi(Q, 5;), j= 2. (7.8) 


In importing country 3, the profit of a firm k(= 1,2,...,73) is given by (7.3), so 
that the profit-maximizing condition for each firm in country 3, assuming semi- 
symmetric equilibrium, g3, = q3 becomes (7.4). The equation (7.4) can also be 
transformed into the following fitting-in function as 


q3 = f(Q). (7.9) 


We examine the effect of a change in total output on the individual output of each 
country’s firms. From (7.8), (7.9) we obtain 


Ifi  P'OatP@Q@ 4 deia (7.10) 


3 PQ) — (qi) 


because of Assumptions 7.1 and 7.2. We also examine the effect of a change in s; 
on the individual output of each exporting country’s firms, that is, 


h = — > 0. (7.11) 


ðs p'(Q) — e (q) 


from Assumptions 7.1 and 7.2. 


7.4.2 Second-Stage Subgame 


Each potential firm in importing country 3 has to pay setup cost F to enter the market 
in the second stage. From (7.8) and (7.9), we obtain 


nı fi (Q, s1) + m f(Q, s2) + n3f3(Q) = Q. (7.12) 
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Using (7.12), we represent n3 as 


n = eae = n3(Q, s1, $2). (7.13) 


Substituting (7.9) into (7.3) yields 


m3 = p(Q)f3(Q) — ¢3(f3(Q)) — F = m3 (0). (7.14) 


Therefore, a dynamic adjustment process for entry and exit is shown in 


0 S], . 
riz = ee = om (Q). 


In this equation, ù and Q denote time derivatives of n and Q, respectively, and o is a 
positive parameter representing the speed of adjustment. Therefore, the equilibrium 
total output in the long run named Q”* satisfies the zero-profit condition, that is, 


3(Q) = p(Q)f3(Q) — ¢3(f3(Q)) — F = 9. (7.15) 


The equation (7.15) implies that O™ is a function of F, and not that Q% is a function 
of s;(j = 1,2). In other words, Q" is constant to the change in s;(j = 1, 2). 

We now check the uniqueness of QO“. Differentiating (7.14) with respect to Q 
and considering (7.4) and (7.10) yield 





dfs 2 24. 


14(Q) = p'O} (O) f a 


Thus we obtain 


Lemma 7.1 (Hayashibara et al. (2007, Lemma 2)) The equilibrium total output 
in the long-run equilibrium O is uniquely determined if it exists.’ The equilibrium 
level of total output O“* has no connection with subsidy rates (s;).° 


6From (7.10) and (7.13), the following result is derived: n3 is an increasing function of Q, i.e., 
a > 0. 

TTf 173(Q) > 0 when n; = 1 and if there exists Q such that p(Q) = c}(0), then Q? exists. 

’We assume that at least one importing firm exists in the market in the long-run equilibrium. We 
also assume that all firms in the exporting country are viable. 
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7.4.3 First-Stage Subgame 


In the first stage, each foreign exporting country’s government sets its subsidy level 
s; to maximize its welfare defined as 


W; = nil P(QF(Q, s) — c(F(Q. ;))] for j= 1,2. (7.16) 


Considering Lemma 7.1, we derive the welfare-maximizing condition in the long- 
run equilibrium from (7.11) and (7.16): 


aw, 


OS; 


of (QÈ, s; 0 
LR) ne sj) ci( f(Q ee a _ , Sj) 
J 





= njp(Q 
Q=rr 

O” p(o"") = GO. s) | _¢ (7.17) 

PO) GGOD) | 


Welfare-maximizing condition (7.17) can be transformed into 
p) = S", s). (7.18) 


Therefore, the pair of the optimal subsidy rate in country j, i.e., (s7*, sz"), 
satisfies (7.18). Substituting (7.18) into (7.2) and evaluating at (s;“, s5*) yield 


s = =p (O, 5;"). (7.19) 


From (7.18) and (7.19), thus, we establish: 


Proposition 7.2 (Hayashibara et al. (2007, Proposition 2)) Jn the long-run equi- 
librium, the optimal subsidy rate brings about marginal cost pricing and is always 
positive. 


The key to understanding Proposition 7.2 is that the total output is solely 
determined by the zero-profit condition.” The equilibrium price is also determined 
by the firms’ conditions, implying that each oligopolistic firm could be regarded 
as a price taker in equilibrium. Since the exporting country’s welfare is the sum 
of profits, marginal cost pricing is desirable for the country’s welfare viewpoint. 
Thus, the country’s government subsidizes its firms so as to solve the insufficient 
production stemming from imperfect competition. 


’Matsumura and Kanda (2005) derived similar results from a mixed oligopoly model with private 
firms’ free entry. They pointed out that total output does not depend on any partial privatization 
level. 
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7.5 Main Results 


The result in the long run is quite different from the result in the short run. The 
difference of the number of firms among the three countries plays a role in the 
determination of subsidy rate in the short run, while it is irrelevant in the long 
run. In the short run, government intervention (subsidy or tax) can change the price 
level because all firms are price makers in equilibrium. Since this change influences 
the profitability of each firm, both the strategic distortion and the terms of trade 
distortion prevail. The difference of the number of firms is an important factor in 
determining the scale of these two distortions. Thus, the differences play a role in 
the determination of the subsidy rate. In the long run, however, the total output level 
(price level) is solely determined by the entry behavior of the third country’s firms. 
This means that these two distortions disappear in equilibrium because government 
intervention cannot indirectly control price level. It implies that the differences do 
not play a role in the determination of subsidy rate. Thus we summarize: 


Proposition 7.3 The difference in the number of firms among countries does not 
affect the equilibrium subsidy rate or the equilibrium price in the long run. 


Proposition 7.3 gives an implication about antitrust policy in the exporting countries. 
The exporting country’s market structure depends on the degree of rigidity of the 
antitrust policy. Since intra- or intercountry’s horizontal mergers change the number 
of exporters, if the antitrust policy becomes tough (loose) in an exporting country, 
then horizontal mergers slightly (drastically) reduce the number of exporters. In 
the short run, this reduction affects the equilibrium price through the change in the 
subsidy rate, while this does not affect the equilibrium price in the long run. In 
other words, whether the antitrust policy’s degree of rigidity in exporting countries 
is tough or loose does not affect the equilibrium price in the long run. 

As Ohkawa et al. (2002) pointed out, the differences play an important role in 
the endogenous timing of subsidy policy implementation in the short run. They 
concluded that the government in the exporting country with a smaller number 
of firms becomes a first mover subsidizing its firms, and the government in the 
country with a larger number of firms becomes a second mover imposing tax on its 
firms; i.e., the sequential timing is endogenously determined. In addition to this, 
the equilibrium outcome in the simultaneous move is different from that in the 
sequential move given the number of firms. In the long-run equilibrium, however, 
the strategic interaction between sı and s2 does not prevail because the determination 
of the equilibrium price is independent from the subsidy rate. This implies that 
the long-run equilibrium outcome does not depend on whether policy timing is a 
simultaneous move. In other words, the equilibrium subsidy rate in a simultaneous 
move is the same as that in a sequential one. Since the quantity supplied by each 
firm in country j, qj, is determined by Q“ and s; from (7.8), q; is also irrelevant to 
policy timing. From (7.13), nj" is also determined by total output Q“* and s;. Thus, 
we summarize the above result: 
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Proposition 7.4 In the long-run equilibrium, the equilibrium subsidy rate is irrel- 
evant to policy timing, and the equilibrium outcomes are also irrelevant to policy 
timing. 


Proposition 7.4 means that the level of welfare does not depend on the timing of 
policy implementation in the long-run equilibrium. It is quite different from the 
result in the short-run equilibrium. 

Note that even if the subsidy rate s; is exogenously determined, Lemma 7.1 holds 
because the number of firms in country 3 is determined after the pair of sj, (s1, 52) 
is determined. This means that the equilibrium total output level O“ is irrelevant 
to any pair (s1, 52) such that country 3’s firms can be viable. Specifically, the long- 
run equilibrium price level is unaffected by whether a government intervention is 
unilateral or bilateral, whether it selects export subsidy or export tax, and whether it 
intervenes or not in the market. This is a striking result. Thus we summarize: 


Proposition 7.5 In the long-run equilibrium, the price level under government 
intervention is the same as that under no intervention (free trade). 


Since policy implementation does not affect the equilibrium price, neither does it 
affect the level of welfare in the importing country 3 in the long-run equilibrium, 
because the importing country’s welfare is defined as the sum of consumer and 
producer surpluses, L.e., 


Q 
Ws = | | p(s)ds = p(Q)0) +a (Olm — FI (7.20) 


Results similar to those mentioned above hold in the situation where the 
government in exporting country | intervenes unilaterally and where the number 
of firms in exporting country 2 is also endogenously determined. This result is 
essentially the same as Etro’s (2011), which showed the statement of Lemma 7.1 
in a different situation. !° 

Certainly the total output level does not depend on the pair of subsidy rate (s1, 52), 
but the equilibrium number of firms ni does. From (7.11) and (7.13), we derive 


Jnl?  OF(OLR s; 

ae HO 5) <o, (7.21) 
0s; BQ) os 

The equation (7.21) shows that subsidizing exporting firms reduces the number of 

entrants into country 3’s market. Thus we summarize: 


l0Etro’s (2011) original model is as follows: There are n exporting countries. One exporting 
firm exists in each country. All exporting firms supply their products in an international market. 
Country |’s government alone subsidizes its firm. The number of exporting firms n is endogenously 
determined. 
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Proposition 7.6 Government intervention affects the equilibrium number of coun- 
try 3’s firms. 


Proposition 7.6 states that the equilibrium number of country 3’s firms under the 
implementation of an export subsidy is smaller than that under free trade. 


7.6 Introduction of Tariff 


7.6.1 Derivation of Long-Run Equilibrium 


We will introduce into our model a specific tariff whose rate is t imposed on all 
exporting firms. This extension enables us to compare the results in the short-run 
analysis, 1.e., Hayashibara (2002), with those in the long-run analysis. 

Our original multistage game is revised as follows: In the first stage, each 
exporting country’s government simultaneously determines its subsidy level s;(i = 
1,2). In addition, the importing country’s government imposes its specific tariff t 
on exporting firms. In the second stage, each domestic firm in country 3, a potential 
entrant, determines whether to enter its domestic market. All firms compete Cournot 
in country 3’s market in the third stage. For simplicity, we assume that the 
production technology of a firm in country 1 is the same that of a firm in country 2, 
i.e., Cy(-) = C2(-) = c(-). Using backward induction, we solve the above game. 

In the third stage, a firm k’s profit in an exporting country j(= 1,2) is 
rewritten as!! 


Wik = P(Q) Gi — C(Gjk) + S)Qjk — td jx. (7.22) 


From (7.22), the profit-maximizing condition for each firm in country j is given by 


P (Q)qje + p(Q) — c (gx) + 5; —t = 0. (7.23) 


Assuming semi-symmetric equilibrium, the fitting-in function is given by 


qji = f(Q, sj, t), j = 1,2, (7.24) 


from (7.23). Note that, since a firm m’s profit in importing country 3 is given 
by (7.3), the fitting-in function of firm m is also given by (7.9). From (7.24), we 
derive the effect of ¢ on the individual output qj: 


af l 


a SS T 7.25 
x” pOu-"G ee 


'lHereafter, for simplicity, we will assume that all exporting firms have the same technology. 
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We will solve the second-stage subgame. Since the equilibrium total output O* 
is determined by the zero-profit condition (7.15), the following result is obtained. 


Lemma 7.2 The equilibrium total output in the long-run equilibrium Q* 
uniquely determined if it exists. The equilibrium level of total output O* has no 
connection with either subsidy rates (s;) or tariff rates (t). 


This result is similar to Lemma 7.1. Using the fitting-in functions, the number of 
firms in country 3 is described by 


Q — nı fı(Q, sı, ) —mh(Q, S2,t) _ 
Se r A a a A , 7.26 
n3 FAO) = n3(Q, S1, $2, É). ( ) 


Therefore, if the total output is determined, then the number of firms is also 
determined given the triplet (s1, s2, t) in the second-stage subgame. 

In the first stage, each foreign exporting country’s government sets its subsidy 
level s; to maximize its welfare, defined as 


W; = nj| p(Q)F(Q, Sj, t) A c(fi(Q, Sj, t))] forj = 1,2. (7.27) 


Considering Lemma 7.2, we derive the welfare-maximizing condition in the long- 
run equilibrium from (7.11) and (7.27): 


M np BED — (e+ npo, y, p AED 
Sj loxo* Sj OS; 
Nj [p(Q*) = c'(fi(Q*, Sj, t)) — t| 
C S . 7.28 
PQ") — "(HD 55.0) = 
Welfare-maximizing condition (7.28) can be transformed into 
P(Q") = c'(Fi(Q", 5,0) + t. (7.29) 


In this stage, the importing country’s government also chooses its tariff rate to 
maximize its welfare defined as the sum of consumer surpluses, producer surpluses, 
and tariff revenues, that is, 


Q 
m = | J woe - p0] + n3(Q)[73(Q) — F] 
+ t[m fi(Q, 81,0) + m f(Q, s2, £)]. (7.30) 
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In the long-run equilibrium, we obtain the welfare-maximizing condition for tariff 
imposition 


2 2 


N nfo, Sj, t) + Ja e 


J 
Q=0* j=l Zi Ot 


9 W3 
Ot 





t 


ns ie 6) 7.31 
Or] ie 


2 
= Son KORT + 
j=l 


from Lemma 7.1, (7.25), and (7.16). 

Therefore, the triplet of the optimal subsidy rate in country j and the optimal tariff 
rate, which is denoted by (s¥, 55, ¢*), satisfies (7.29) and (7.31). Substituting (7.29) 
into (7.23) and evaluating at (sj, s5,1*) yield 


s* = p (OfO, s, t) +. (7.32) 
Since the equation (7.29) means that gj = qž, (7.31) can be rewritten as 
t* = —[p(Q*) — c" (f(O". s7, DIGO, 57,0), (7.33) 


which is evaluated by (s;, s3, 7°). From (7.19) and (7.33), thus, we establish: 


Proposition 7.7 In the long-run equilibrium, both the optimal subsidy rate and the 
optimal tariff rate are always positive. The former is larger than the latter. 


7.6.2 Short-Run Equilibrium vs. Long-Run Equilibrium 


We compare the equilibrium subsidy and tariff rates in the short run with those in 
the long run. Hayashibara (2002) constructed the following two-country model in 
a linear economy: firms in a foreign country and in a domestic country compete in 
the domestic market; each foreign country’s government subsidizes its firms, and 
the domestic one imposes a tariff on the foreign firms. His model corresponds to 
our model with ny = 0. According to Hayashibara (2002), if the policy timing is 
simultaneous, then the equilibrium subsidy and tariff rates are 


= aT etna + 1-1) 
NT e A 


9 


ny +n3+ 1 
(es +0) 
ntn+1 ` 


Since Hayashibara (2002) assumed that c3 > c1, the sign of the equilibrium subsidy 
depends on the differences in the number of firms between countries 1 and 3, while 
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the sign of the equilibrium tariff is positive.'* In addition, even if sı > 0, the 
equilibrium subsidy rate is less than the equilibrium tariff rate. These results are 
different from Proposition 7.7. 

Next, we examine the equilibrium total output (the equilibrium price). Since the 
number of country 3’s firms is given in the short run, we derive from (7.26) as 


2 
O = X nfi, sj, Ò + mhl) = O(s1, 52,0). (7.34) 


j=l 


The above equation indicates that strategic interaction of policy implementation 
among three countries’ governments emerges in the short-run equilibrium. Thus, 
the impact of the rent shifting effect through trade policy implemented by each 
country’s government depends on the differences in the numbers of firms among 
three countries in the short-run equilibrium. 

In the long-run equilibrium, strategic interaction of bilateral intervention imple- 
mented by two exporting countries’ governments does not occur, but rather strategic 
interaction between the importing country government and each exporting country 
government as shown in (7.19) and (7.33). However, the equilibrium price is 
independent of both the differences and the timing in the long run as shown in (7.15). 

Thus, we establish: 


Proposition 7.8 Jn the short run, therefore, the equilibrium price depends on the 
differences in the number of firms among three countries as well as the timing of 
policy implementation, while the equilibrium price does not depend on these factors. 


7.6.3 Effect of Tariff on the Long-Run Equilibrium 


In this subsection, we examine first whether the introduction of a tariff alters 
the results mentioned above. We consider the equilibrium subsidy rate. The 
equation (7.29) means that the provision of the optimal subsidy enables each 
oligopolistic exporter to set its price at “effective” marginal cost, 1.e., production 
marginal cost plus tariff rate. Thus, we summarize: 


Proposition 7.9 In the long-run equilibrium, each exporting country government 
sets a positive subsidy rate such that each exporter can attain its equilibrium 
outcome when it adopts “effective” marginal cost pricing. 


We also compare the equilibrium price under the implementation of a tariff 
policy with that under free trade. Because the determination of equilibrium total 


"These equations are shown in Hayashibara (2002, p. 79). Note that domestic production subsidy 
is considered in Hayashibara’s (2002) model, which is regarded as our setting with the cost 
differences among firms considered essential. 
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output in the long run has no connection with any tariff-subsidy schemes, whether 
governments intervene in the market does not affect the equilibrium total output or 
the equilibrium price in the long run. Thus, the introduction of a tariff does not affect 
the statement in Proposition 7.5. 

Proposition 7.5 implies that consumer surplus under government intervention is 
equal to that under free trade. The introduction of a tariff adds the tariff revenue 
to the importing country’s welfare through rent shifting. Clearly, the level of the 
importing country’s welfare under the tariff policy is greater than that under free 
trade in the long-run equilibrium. Thus, we summarize: 


Proposition 7.10 The introduction of a tariff does not alter the statement in Propo- 
sition 7.5 and enhances the importing country’s welfare through tariff revenue. 


7.7 Conclusion 


In this chapter, we considered the three-country framework with the entry of the 
third importing country’s firms, which is an extension of the model used by Brander 
and Spencer (1985) and Krishna and Thursby (1991). This framework is expressed 
as a three-stage game consisting of the stage of the subsidy rate determination, the 
stage of the determination of the number of the importing country’s firms, and the 
stage of Cournot competition. 

The main results in this chapter are as follows: (1) In the short-run equilibrium, 
the strategic interaction of policy variables through price change occurs, whereas in 
the long-run equilibrium, strategic interaction vanishes; 1.e., strategic independence 
prevails. (2) Owing to strategic independence, the optimal subsidy rate brings about 
marginal cost pricing in the long run. (3) Strategic independence brings about 
the irrelevance result: the equilibrium outcome does not depend on the timing of 
subsidy policy implementation or the differences of the number of firms among 
three countries in the long run. (4) Strategic independence allows the equilibrium 
price under government intervention to equal that in under free trade. We extend 
our model by introducing an import tariff in the first stage and show that (5) even if 
both the import tariff and the export subsidy are implemented, the equilibrium price 
is the same level as that under free trade in the long run. 

We point out an extension for further research. First, our model may be extended 
through endogenous determination of the number of both the exporting countries 
and the importing country. In this extended model, we can examine whether the 
above results hold or not. 
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Appendix 


A. Derivation of (7.7) 


From (7.2), we have p — c’ = —p'q; — sj. Substituting this into (7.6) yields 
dO ddj 
/ / J 
Pgz —(Pgts)z— =O. 
: OS; i á 0S; 
The above equation can be translated into 


0g; ddk 0q3 ddj 

/ J / J 
-|n;— +n— + n —— | — .ts5)— =0 
P dj "8s, EIs; * as; (pq 9s, = 


PGi nea +n3— | — 5 + np'qj (i E 2) (A7.1) 
og 04) Nj 
OS; OS; 


From (A7.1), we easily derive (7.7). 
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Chapter 8 
Optimum Welfare and Maximum Revenue 
Tariff Under Oligopoly: A Note 


Masayuki Hayashibara 


Abstract In this chapter, we extend the work of Collie (Scott J Political Econ 
38:398-401, 1991) and Wang and Lee (Res Econ 66:106—109, 2012), comparing 
tariffs, outputs, and welfare under optimum welfare and maximum revenue sit- 
uations. Our main conclusions are as follows. Under no new firm entry or exit, 
the difference between the optimum welfare and maximum revenue tariffs is a 
decreasing function of the cost difference between a domestic and foreign firm. 
There is a cutoff value of the cost difference such that the optimum welfare and 
maximum revenue tariffs are equal, which determines rankings for tariffs, outputs, 
and welfare. Under free entry of foreign firms, the difference between the optimum 
welfare and maximum revenue tariffs is a decreasing function of the cost difference 
between a domestic and foreign firm. Again, there is a cutoff value of the cost 
difference such that the optimum welfare and maximum revenue tariffs are equal, 
which determines tariff rankings. However, under free entry of domestic firms with 
asymmetric costs, the optimum welfare and maximum revenue tariffs are equal. 


Keywords Optimum welfare tariff * Maximum revenue tariff ° Cournot 
oligopoly ¢ Free entry 


$8.1 Introduction 


Governments in many countries, especially developing counties, have an incentive 
to use import tariffs to protect and/or promote targeted domestic industries, thereby 
improving national welfare or tariff revenue. Tariff rates can refer to either the 
maximum revenue tariff or the optimum welfare tariff if the government’s goal is to 
maximize either tariff revenue or national welfare, respectively. 
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In a competitive international market, a large country can change its terms of 
trade through tariffs to improve national welfare or tariff revenue. The question then 
arises of whether the maximum revenue tariff or the optimum welfare tariff should 
be higher. The proposition that the maximum revenue tariff exceeds the optimum 
welfare tariff was demonstrated by Johnson (1951-1952). Collie (1991) explains 
the ranking between two tariff rates as follows: “an increase in the tariff beyond the 
maximum revenue rate will reduce tariff revenue and increase the price of imports, 
which reduces consumer surplus. This will have a negative effect on welfare, and 
hence the optimum welfare tariff cannot exceed the maximum revenue tariff.” 

Collie (1991) also shows that under two-country models with imperfect compe- 
tition, firms can earn pure profits, which are one component of national welfare, 
and the optimum welfare tariff may exceed the maximum revenue tariff owing to 
the profit-shifting effect. The main result Collie obtains is that in a homogeneous 
product Cournot duopoly model with linear demand and constant marginal cost, the 
optimum welfare tariff may exceed the maximum revenue tariff under reasonable 
conditions, such as equal domestic and foreign marginal cost. Wang and Lee (2012) 
extend the work of Collie (1991) on the Cournot duopoly to the Cournot oligopoly 
and examine the rankings of the maximum revenue tariff and optimum welfare tariff 
under a linear Cournot oligopoly model with and without free entry of domestic 
firms. (See also Larue and Gervais (2002)). They demonstrate that in a regulated 
entry oligopoly with asymmetric costs, when the marginal cost of domestic firms 
exceeds a critical value, the maximum revenue tariff exceeds the optimum welfare 
tariff. They also conclude that under free entry of domestic firms with asymmetric 
costs, when the fixed cost increases and the number of domestic firms decreases, 
the difference between the optimum welfare tariff and the maximum revenue tariff 
increases. 

However, the analysis of Wang and Lee (2012) leaves a couple of unanswered 
questions. First, under free entry of domestic firms with asymmetric costs, the 
difference between the optimum welfare tariff and the maximum revenue tariff is 
shown to vanish. Second, there is the question of what will happen under free entry 
of foreign firms, as Etro (2014) investigates, instead of domestic firms. We add the 
case of free entry of foreign firms with asymmetric costs and show the ranking of 
the maximum revenue tariff and optimum welfare tariff. 

We extend the work of Collie (1991) and Wang and Lee (2012), comparing the 
tariff, outputs, and welfare under optimum welfare and maximum revenue in two 
directions, where one direction involves the case of an exogenously given number 
of firms and a short-run analysis and the other involves the case of an endogenously 
determined number of either domestic or foreign firms and a long-run analysis. 

Our conclusions are as follows. First, in the short-run analysis, the difference 
between the optimum welfare tariff t” and maximum revenue tariff tf is a 
decreasing function of cost difference c between a domestic and foreign firm. There 
exists a cutoff value c* of the cost difference c such that tr” = t? holds, which 
determines the rankings not only for tariffs but also for outputs and welfare. In 
Proposition 8.1, this c* is increasing in a number of domestic firms and decreasing 
in anumber of foreign firms. Thus, the optimum welfare tariff exceeds the maximum 
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revenue tariff provided c* > c. Proposition 8.2 demonstrates that the domestic 
firm’s output is lower under the optimum welfare than the maximum revenue, and 
both the exporting firm’s output and total output are higher under optimum welfare 
than under maximum revenue, provided the optimum welfare tariff is lower than the 
maximum revenue tariff. Proposition 8.3 states that, by definition, importing country 
welfare is always higher under optimum welfare than under maximum revenue. 
Both exporting country welfare and global welfare are higher under optimum 
welfare than under maximum revenue, provided the optimum welfare tariff is lower 
than the maximum revenue tariff. 

Second, in the long-run analysis, Proposition 8.4 states that the optimum welfare 
tariff and the maximum revenue tariff are equal under free entry of domestic firms. 
This result is consistent with Etro (2014), a neutrality result, but differs from the 
results of Wang and Lee (2012). However, Proposition 8.5 shows that the difference 
between the optimum welfare tariff and the maximum revenue tariff under free entry 
of foreign firms is a decreasing function of cost difference c. There exists a cutoff 
value c* of the cost difference c, which is increasing with the number of domestic 
firms and with the fixed costs of foreign firms. Thus, the optimum welfare tariff 
exceeds the maximum revenue tariff provided c* > c. Proposition 8.5 can be an 
extension of a dynamic situation of Proposition 8.1 given by Wang and Lee (2012). 
Etro (2014) shows the optimum tariff under conditions of no cost difference between 
domestic and foreign firms but does not show the maximum revenue tariff. 

The remainder of this chapter is organized as follows. Basic modeling is provided 
in Sect. 8.2. Section 8.3 contains analysis of tariff ranking, output ranking, and 
welfare ranking where firm entry is regulated, while in Sect. 8.4, tariff ranking is 
analyzed under free entry of either domestic firms or foreign firms. Section 8.5 
provides concluding remarks. 


$.2 Basic Model 


8.2.1 Setup 


We consider a two-country model in which n identical home firms and m identical 
foreign firms compete in the domestic market in a Cournot fashion. The home 
government can use a tariff. 

The home (importing) country’s household utility function U(Q, Z) is differen- 
tiable and strictly concave in Q: 
bQ? 
U(Q, Z) E aaa +Z, O<a, 0<b, 
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where Q and Z are consumption of a good and the numeraire good z. From the first- 
order condition for utility maximization by a household, we obtain the linear inverse 
demand function: 


p =a-— bọ, (8.1) 


where p denotes the price of the good. Defining the consumer surplus as CS = 
U — (pQ + Z), substitution obtains 


_ bg 
CS = = (8.2) 


Taking the governments’ policies as given, each domestic or foreign firm 
produces qı and q2, respectively. Thus Q = ng, + mqz holds. Let cı and c2 be 
the marginal costs of the domestic firm and the foreign firm, respectively, and let Fy 
and F be their fixed costs. The net profit of each firm is 


mı =(p-—c)q — F, m = (p— C2 — t)q — Fo, (8.3) 


where ¢ denotes a specific tariff on imports levied by the home government. Solving 
the first-order condition 


p—cı—bqı =0, p—c-—t-— bq =), (8.4) 


the Cournot—Nash outputs are obtained as 


_ a—cı-m(c—t) = a-c t+ (n+ Ii(c—t) 
qi = — WR q2 = —  bQO ý O” (8.5) 
ge corms ch) a ad ha 8.6) 


b&2 


where 2 =n +m + 1 and c = cı — c > 0.! We assume 


a— ci a— cC] 
<c-{< . 
n+ 1 m 








The profit of each firm can be expressed by its output as, 7; = bq? — F;. The national 
welfare of the home country is assumed to be the sum of the consumer surplus, total 
net profit of domestic firms, and net government revenue: 


W, = CS + nm + tmq = CS + n(p — ci)qi + tmq — nF). (8.7) 


'We assume c is nonnegative but also mention cases where it may be negative. 
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The national welfare of the foreign country can be defined as the net profit of the 
foreign firms, that is, 


W = mm = m(p — c — t)q2 — mF 32. (8.8) 
Global welfare is defined as 
W = W, + W. (8.9) 
Here, we give the imaginary global welfare-maximizing tariff as 


ww __a—c + {n+ 1) +nmjc 


t (8.10) 
m 
a . . . —_ a—C{ . . — a— cC] 
which is negative if utim <E holds but can be positive under nt <e < 
2 a—cC] p 
(n+1)?+nm' 


8.3 Optimum Welfare and Maximum Revenue Tariff Under 
a Fixed Number of Firms 


In what follows, we set a — cı = 1 and c = cj — c2 = a — 1 — c2, so for a given a 
any increases in c increase exporting firm efficiency. 


8.3.1 Optimum Welfare Tariff 


Solving the first-order condition for welfare maximization for t 


dW, _dCS | di(p—ci)nqij n d(tmq2) _ 





= 0 (8.11) 
dt dt dt dt 
gives the following optimum welfare tariff: 
2 l 1)? — 
ma A ee ee a bq” + bqY > 0, (8.12) 


2(n+1)?+m n+ 1 


where superscript W indicates the equilibrium value under the optimum welfare 
tariff. In equation (8.11), the first term is nonpositive consumer surplus effect, the 


*See Brander and Spencer (1984) p. 203. 
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second term is nonnegative profit-shifting effect, and the third term is tariff revenue 
effect. Substituting equation (8.12) into equations (8.5), (8.7), and (8.8), we obtain 


w (2—mce)(n + 1) w 1 + (n+ 1)}c 
1 = 52+ )D2+m P T an+ D+ m 


wY — n(n + 2) +m + 2me + m(n + 1)?c? 


2b{2(n + 1)? + m} ~ HEY (one) 


and 


w _ mi+(nt+ er 


= I L mF = mbfq ? — mF. 8.14 
2 O bmnE Emp mblda | — më» al 


For positive production, we assume 


1 < 22 
(n + 1)? a: 


8.3.2 Maximum Revenue Tariff 


If the domestic government maximizes tariff revenue instead of national welfare, 
solving 


d(t 
d(tmq2) _ 0 (8.15) 
dt 
for t gives the maximum revenue tariff as 
l l 
R= T+@t De _ bq’ > 0, (8.16) 


2(n + 1) 


where superscript R indicates the equilibrium value under the maximum revenue 
tariff. Substituting equation (8.16) into equations (8.5), (8.7), and (8.8), we obtain 


ee) es ea Lae) e 
a. 2b(n + 1)82 5 2 2b(n + 1)2” 


wr = m?(2n + 3)(2n + 1) + 2m(4n? + Tn + 1)(n+ 1) + 4(n + 2)(n+ 1)?n 
ee 
{(2n + 3)m+2(n+ 1)}(n+ l)mc 
© BDDAn+ 12 0 


8b22(n + D? — nF, (8.17) 
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and 


mil + (n+ 1)c? 


TEE — mF, = mb|gf F — mF. (8.18) 


Wwf = 


Here, we assume that 


1 2(n+1)+m_ 2 l 


<c< = . 
n+ 1 (n+ 1)m m n+1 








Thus, for positive outputs under both tariffs t” and të and free trade t = O, the 
following relations must hold: 


1 


7 7 1 2 ween 
(n+1)2> n+1 


| <c < min] -, , 


max| mm (n+1)m 


which implies 


1 prae 1 
————— <c <. 
(n+ 1)? m 


Here, we add some comments. Collie (2003) analyzes the effects of domestic and 
foreign mergers and shows that when the domestic country pursues an optimum 
trade policy, it always loses as a result of foreign mergers; that is, domestic welfare 
under the optimum welfare tariff (with production subsidy) increases with the 
number of foreign firms. A related question is the result when the domestic country 
pursues a maximum revenue tariff policy. Differentiating W? with respect to m 
yields 


aw? 
dm 





Hn? + 3(m+ 1)n? + (5m + 3)n +2m+ l}eo+mn+2m+1—n’)]{1 +c(n+ 1} 
4b923(n + 1) 


which means without an excessive number of domestic firms relative to foreign 
firms, domestic welfare under the maximum revenue tariff can be increasing with 
the number of foreign firms. 


8.3.3 Comparisons 


For tariff ranking, subtracting (8.16) from (8.12), we obtain 


Cf ae ee 


T 2{2(n + 12 + m}(n + 1) = 262(n + 1)2 +m’ oa 
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where 


* opw Ry 22 + I)n—m 
c*(n,m) = {c:t de et Cre ESET (8.20) 


which is positive (negative), if 2(n + 1)n > (<)m holds. Moreover, if we assume 
m > 1, then 


o*n 2(m— 1)(n+ 1)n+ m(n + 2) 





1 > 0. 
(2n + 1)(n+ 1)m 
Further, 
on fa l |= {2(n + 1)? + min 
(n + 1) (2n + 1)(n + 1)*m 
Differentiations of c* with respect to n and m give 
dc* (4n + 3)m+2(n+ 1)? dc* 2n pr 
dù — (2n+1)}(n + 1)2m ° dm  (n+1)m 


We can summarize the above results as: 


Proposition 8.1 (Wang and Lee (2012)) The difference between the optimum 
welfare tariff and maximum revenue tariff is a decreasing function of cost difference 
c. There exists a cutoff value c* given in (8.20) of the cost difference c, which satisfies 
Gan! < c* < 1 and is increasing in n and decreasing in m. Thus, the optimum 


welfare tariff exceeds the maximum revenue tariff provided c* > c. 
Higher c, which means greater efficiency of an exporting firm, implies t” < t.’ 


Corollary 8.1 (Wang and Lee (2012)) The difference between the optimum wel- 
{1—(n+1)c}n 


fare tariff and the maximum revenue tariff is 0+) under n = m. Thus 
*x _ 1 
c= > 0. 


Corollary 8.2 (Collie (1991)) The difference between the optimum welfare tariff 
and the maximum revenue tariff is — under international duopoly n = m = 1. 
Thus c* = 5 > 0. 





Straightforward comparisons (omitted) of outputs (8.5) and (8.6) give: 


Proposition 8.2 The domestic firm’s output is lower under optimum welfare than 
under maximum revenue, and both exporting firm output and total output are higher 
under optimum welfare than under maximum revenue, provided the optimum welfare 
tariff is lower than the maximum revenue tariff. 


>See Collie (1991), p. 401 and Wang and Lee (2012), p. 108. 


8 Optimum Welfare and Maximum Revenue Tariff Under Oligopoly: A Note 145 
Welfare comparisons give 
W R W 2 W R W 
Wy — Wr = palt” -6Y > 0, Wy — Wy = Ppt" — t), 


W" —W* = B,(t" — t), 


where 
— n+l)? +m 
Br = ~ 5p > 0, 
i 2 ee ee 
a 2b{2(n + 1)? + m2? ; 
Ge Ee ee ee ee ee 


4b{2(n + 1)? + m}(n+ 1)22 


and a(t” —t*) + Br = By < 0 holds. Thus we have: 


Proposition 8.3 By definition, importing country welfare is always higher under 
optimum welfare than under maximum revenue. Both exporting country welfare and 
global welfare are higher under optimum welfare than under maximum revenue 
provided the optimum welfare tariff is lower than the maximum revenue tariff; that 
is, they are higher if and only if c* < c. 


Considering Proposition 8.1, a cutoff value c* of cost difference determines 
rankings for tariff, outputs, and welfare. Under our assumption that c is nonnegative, 
tW < 0 holds, and thus both the optimum welfare tariff and the maximum revenue 
tariff exceed the world welfare-maximizing tariff. Global welfare is concave in t, 
and t’" < +” implies the above result. Forigi country welfare is convex in t, 
and its minimum value occurs at t = c + L; furthermore, q2 > 0 implies that 
t < c + —, must hold, which leads to Proposition 8.3. 


8.4 Analysis for Endogenous Market Structure 

We now consider the two cases under an endogenous market structure. Assume 
that —4/ bF] <C< J bF holds. 
8.4.1 Case of Free Entry and Exit of Domestic Firms 


Suppose that owing to the relatively higher fixed sunk cost for foreign firms, no new 
entry of foreign firms occurs. However, domestic firms are assumed to be able to 
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enter or exit the domestic market. An equilibrium number of domestic firms must 
satisfy 7) = bq; — F; = Q; then, by solving the zero-profit condition, we can obtain 
the equilibrium number of firms in an importing country as 


/bF, 


bF 





a= 


{1 —(c—t)m}— (m+ 1), with q = (8.21) 


which is increasing in ¢ but decreasing in F1, c, and m.* The “hat” on the variables 
indicates the free entry equilibrium of home firms. Substituting the equilibrium 
number of firms into the welfare of the importing country (8.7), we obtain 


~ (l1—J/bF;)? + 2tm(c + JbF, — 1) 


W = 8.22 
1 >p (8.22) 
Here t > 0 and ĝ2 = an > 0 implies an > 0, which means that under free 


entry equilibrium of domestic firms, domestic welfare increases with the number 
of foreign firms. Thus, domestic free entry policy can substitute for optimum trade 
policy in responding to foreign mergers. 

Next, we calculate the optimum welfare tariff. Maximizing Wi with respect to 
tariff t yields the maximum welfare tariff as 


Ww JbF,i +c a 


0, 8.23 

5 (8.23) 
° . . o . AW — bFi+c . . o . 

which is positive if output gq; = 5p is positive. Conversely, the tariff revenue 


under free entry is 


. tm(c + /bF, — t) 


tmq2 = (8.24) 
b 
Thus, the maximum revenue tariff rate can be obtained as 
r VOF 
eS (8.25) 


2 


which is the same as the maximum revenue tariff rate identified by Wang and Lee 
(2012). 
Comparing (8.25) and (8.23), we obtain ?” = t£, which leads to: 


Proposition 8.4 The optimum welfare tariff and maximum revenue tariff are equal 
under free entry of domestic firms. 


+Equation (8.21) in the text is the same as (13) in Wang and Lee (2012). 
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This result is consistent with Etro (2014) but different from Wang and Lee 
(2012). We investigate why the optimum welfare tariff and maximum revenue tariff 
coincide under free entry of domestic firms. Using the zero-profit condition, first- 
order condition (8.4), inverse demand function (8.1), and consumer surplus (8.2), as 
well as the domestic price, total supply and consumer surplus under free entry 


DE DEN 

ae a = cı + y bF) = a — bỌ, 0 = ee CS = em co 
qi b 2b 

are all independent of tariff rate and national number of firms. The first term on the 

right-hand side in equation (8.22) denotes a consumer surplus under free entry of 

domestic firms and is independent of tariff rate, which implies the optimum welfare 

tariff equals the maximum revenue tariff. 


8.4.2 Case of Free Entry and Exit of Foreign Firms 


Etro (2014) investigates the case of domestic monopoly or fixed number of domestic 
firms, facing the endogenous entry of foreign (international) firms under symmetric 
costs, and derives the optimum welfare tariff. In this subsection, we will compare 
the optimum welfare tariff and maximum revenue tariff under asymmetric costs 
and numerous domestic firms. An equilibrium number of foreign firms must satisfy 
i = bq — Fy = Q0, and then by solving the zero-profit condition, we can obtain 
the equilibrium number of foreign firms as 


J bF 2 


bF, 





m = 


{1 +(c—t(n+1)}—(n+1), with q = io. (8.26) 


: tu ui A A . é eget se bFo— t 
which is increasing in c, but decreasing in F>, t and n, if gj = MO =. 4). 


The “tilde” on the variables indicates the free entry equilibrium of foreign firms. 
Substituting the equilibrium number of firms m into the welfare of the importing 
country (8.7), we obtain 


Wr (1 — J/bF> +c)? + 2n(./bFo — c)? + 2n(./bFo — c)t— Ë i 
= ————————————sSs SS =] P9F\j; 


2b 
(8.27) 


Maximizing Wi with respect to tariff t yields the maximum welfare tariff as 


t” =n(/bF>—c) > 0, (8.28) 


which is increasing in both n and F 2, and positive, because we have qe = 


CEDEO 5 O and mY” = mete WF" Etro (2014) showed the maximum 
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welfare tariff and domestic output for c = 0. The tariff revenue under free entry is 


ODS tl — (n+ 1)(/bFo—c +0} 
img. = —— 


7 (8.29) 


which is decreasing in both n and F2. Thus, the maximum revenue tariff rate can be 
obtained as 


R 1 — (n+ 1)(J/bF2 — c) z 


Din + 1) 0, (8.30) 


which is decreasing with n and F2, and positive if the number of foreign firms is 
positive because the number of foreign firms and the output of domestic firms can 
be shown by 


aR 1 — (n + 1)(V/bF2 — c) 7k = 1+ (n+ 1)(/bF> — c) 
2./bF> l i 2b(n + 1) i 


Domestic output qı is increasing with t, thus, it is increasing with n under the 
optimum welfare tariff but decreasing with n under the maximum revenue tariff. 
Comparing (8.28) and (8.30), we obtain 


W R Qa + Dat Dbi -0-1 ENEN (8.31) 
2(n + 1) 2 


where 


1 


~x fW RY _ 
č* (n, F2) = {c : 1" = P} = ybF mi Dnt D 


(8.32) 


We can summarize the above results as: 


Proposition 8.5 The difference between the optimum welfare tariff and the maxi- 
mum revenue tariff under free entry of foreign firms is a decreasing function of cost 
difference c and an increasing function of n and F3. There exists a cutoff value c* 
given in (8.32) of the cost difference c, which is increasing in n and F2. Thus, the 
optimum welfare tariff exceeds the maximum revenue tariff provided c* > c. 


Proposition 8.5 can be an extension to a dynamic version of Proposition 8.1 given 
by Wang and Lee (2012). 
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8.5 Conclusions 


We extended the work of Collie (1991) and Wang and Lee (2012), considering 
tariffs, outputs, and welfare under both optimum welfare and maximum revenue. 
The difference between the optimum welfare tariff t” and maximum revenue tariff 
t? is a decreasing function of cost difference c. There exists a cutoff value c* of the 
cost difference c such that t” = t? holds, which determines rankings for tariffs, 
outputs, and welfare. This c* is increasing in some domestic firms and decreasing 
in some foreign firms. 

The optimum welfare tariff and maximum revenue tariff are equal under free 
entry of domestic firms. 

The difference between the optimum welfare tariff and maximum revenue tariff 
under free entry of foreign firms is a decreasing function of cost difference c and an 
increasing function of n and F2. There exists a cutoff value c* of the cost difference 
c, which is increasing in some domestic firms, and the fixed cost of foreign firms F>, 
which lowers the equilibrium number of foreign firms. Thus, the optimum welfare 
tariff exceeds the maximum revenue tariff provided c* > c. This proposition can be 
an extension to a dynamic version of Proposition | given by Wang and Lee (2012). 
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Chapter 9 
Cost Asymmetries and Import Tariff Policy 
in a Vertically Related Industry 


Yasushi Kawabata 


Abstract This chapter examines the effects of the cost asymmetry of final goods 
production and the cost difference in intermediate goods production on the import 
tariffs on both goods imposed by two countries’ governments in a model with 
vertically related markets characterized by Cournot duopolies. It is shown that the 
country with the highest-cost final (intermediate) goods firm may levy the lowest 
import tariff on the final (intermediate) goods. 


Keywords Import tariff * Vertically related markets ° Cournot duopoly 


9.1 Introduction 


There have been a number of theoretical studies analyzing trade policy games where 
home and foreign governments impose import tariffs (export subsidies or taxes) 
noncooperatively in models of imperfect competition. In the Brander and Spencer 
(1985) model where a home firm and a foreign firm compete in a Cournot duopoly 
in a third-country market, de Meza (1986) and Neary (1994) demonstrated that the 
country with the lowest-cost firm provides the largest export subsidy.! In the Eaton 
and Grossman (1986) model where a home and a foreign firm engage in a Bertrand 
duopoly in a third market, Clarke and Collie (2006) found that the country with the 
lowest-cost firm imposes the largest export tax. In the Appendix of this chapter, we 
show that in the Brander and Spencer (1984) model where a home and a foreign firm 


'Bandyopadhyay (1997) showed that the result in de Meza (1986) and Neary (1994) is reversed 
for inelastic demand. 
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compete in a Cournot duopoly in segmented home and foreign markets, the country 
with the highest-cost firm imposes the largest import tariff. 

However, these studies overlooked one important aspect of world trade, namely, 
that global trade in intermediate goods has been expanding rapidly over the past two 
decades. According to Escaith and Inomata (2011), world exports of intermediate 
goods nearly doubled between 1995 and 2009, from around US$ 2,774 to US$ 
5,373 billion, and in 2009, intermediate goods accounted for 51 % of world nonfuel 
merchandise exports. In East Asia, for example, intermediate goods such as parts 
and components are now actively traded among manufacturing bases located across 
the region. Thus, in designing trade policies, it is necessary for policymakers to 
consider the growing trade in intermediate goods. The question that arises is how 
the incorporation of an imperfectly competitive intermediate goods will affect the 
trade policy imposed by each country’s government.’ 

The purpose of this chapter is to examine the effects of the cost asymmetry of 
final goods production and the cost difference in intermediate goods production on 
the import tariffs applied to both goods and imposed by the home and the foreign 
governments in a vertically related industry with a final goods and an intermediate 
goods sector.* We construct a model where a home and a foreign downstream (final 
goods) firm compete in a Cournot duopoly in the home and foreign downstream 
markets, and a home and a foreign upstream (intermediate goods) firm engage in a 
Cournot duopoly in the home and foreign upstream markets. 

We provide the following findings. If the home upstream firm’s costs are much 
smaller than the foreign upstream firm’s costs, the home country will impose the 
lowest import tariff on the final goods, even if the home downstream firm has the 
highest costs. Further, if the home downstream firm’s costs are sufficiently higher 
than the foreign downstream firm’s costs, the home country will levy the lowest 
import tariff on the intermediate goods, even if the home upstream firm has the 
highest costs. The result in our model is that the country with the highest-cost 
downstream (respectively upstream) firm does not necessarily impose the largest 
tariff on the downstream (respectively upstream) imports. This is in contrast to the 
result in a model without an upstream sector, as shown in the Appendix. In our 
model with upstream and downstream sectors, there is not only a horizontal profit- 
extraction effect of the import tariff but also a vertical effect, and where the vertical 


Collie (1991, 1994) dealt with a trade policy game with foreign export subsidy and home import 
tariff in a model of Cournot competition. 


>Kawabata (2012) examined how the conventional result in de Meza (1986) and Neary (1994) 
changes in a model of vertically related markets characterized by Cournot competition and showed 
that the country where the sums of the costs of final goods production and intermediate goods 
production are the lowest provides the largest production subsidies to the final goods and the 
intermediate goods. 

+Studies concerning strategic trade policy in vertically related markets include Bernhofen (1997), 
Ishikawa and Spencer (1999), Chang and Sugeta (2004), Hwang et al. (2007), and Kawabata 
(2010). 
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effect outweighs the horizontal effect, the result in the absence of vertical industry 
relationships reverses. 

The remainder of this chapter is organized as follows. Section 9.2 describes the 
model and derives the market equilibrium. Section 9.3 analyzes three trade policy 
games: (i) a game where the home and the foreign governments only use an import 
tariff on the final goods, (11) a game where the two governments only use an import 
tariff on the intermediate goods, and (111) a game where both governments use import 
tariffs on the final and the intermediate goods. Section 9.4 provides a conclusion. 


9.2 Model 


We consider a vertically related industry with an intermediate goods and a final 
goods sector in two countries, a home and a foreign country. Each country has 
one upstream firm that produces a homogeneous intermediate goods and one 
downstream firm that produces a homogeneous final goods. The home and the 
foreign upstream firms engage in Cournot competition in supplying the intermediate 
goods to the upstream markets in both countries. The home and the foreign 
downstream firms supply the final goods to home and foreign downstream markets, 
where they play Cournot competition.” The home and the foreign governments 
impose specific tariffs, t; and t2, on intermediate goods imports and specific tariffs, 
Tı and 7), on final goods imports, respectively. 

The model is characterized by a three-stage game. In stage 1, the home and the 
foreign governments determine their import tariffs on the intermediate and the final 
goods. In stage 2 with given tariffs, the home and the foreign upstream firms decide 
their outputs of the intermediate goods. In stage 3, given the home and foreign prices 
of the intermediate goods, the home and the foreign downstream firms decide their 
supplies of the final goods. The intermediate goods price is simply the market- 
clearing price. The solution concept employed is a subgame perfect equilibrium, 
obtained by a process of backward induction. 


9.2.1 Downstream Markets 


Sales by the home and the foreign downstream firms in the home market are denoted 
y11 and yj2, respectively. Their respective sales in the foreign market are denoted y21 


>The markets in the two countries are assumed to be segmented. 


This setting implies that downstream firms have no market power as buyers of the intermediate 
goods even though they have market power as sellers of the final goods. This setting is often 
adopted in the literature on vertical trade (e.g., Bernhofen, 1995, 1997; Ishikawa and Lee 1997; 
Ishikawa and Spencer, 1999; Hwang et al., 2007; Kawabata, 2010). In particular, Ishikawa and 
Spencer (1999) discussed the justification for this setting in detail. 
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and y22. The prices, pı and p2, of the final goods in the home and foreign countries 
are determined by the inverse demand functions, pı (Y1) = a — Y, and pz (Y2) = 
œ — Y2, respectively, where Y; = > j=12 yi (i = 1,2). We assume that the production 
of one unit of the final goods requires one unit of the intermediate goods. The cost 
of transforming one unit of the intermediate goods into one unit of the final goods 
is c1 for the home downstream firm and c2 for the foreign downstream firm.’ 


The profits of the home and the foreign downstream firms are given by 
n? = (pi—ri— ci) ya + (Rj rici- Tj) yi, ij=1,2 iF ij (9.1) 


where rı and rz are the price of the intermediate goods in the home and the foreign 
countries, respectively. 

We first set up the conditions determining the Cournot—Nash equilibrium in stage 
3. Given rı and r, the first-order conditions for profit maximization by the home 
and the foreign downstream firms under the Cournot assumption are 


Pi — Ti — Ci + Yup; = 9, 
Pi —r;— cj — T; + yap; = 9, a Lj: (9.2) 


By solving these conditions simultaneously, we obtain the downstream firms’ 
Cournot—Nash equilibrium outputs: 


MH 2Gr oO) rye rd; 
rr , 
_ APG 2 Gre) 
nn 


Yii 


Vij ij=1,2 iFj. (9.3) 


9.2.2 Upstream Markets 


The home upstream firm sells x;; in the home market and x2, in the foreign market, 
while the foreign upstream firm sells x;2 in the home market and x22 in the foreign 
market. The total supplies to the home and the foreign upstream markets are given 
by Xi = )j=1.2 X1 and X = J i= 2 X2i, respectively. 

In stage 2, the home and the foreign upstream firms anticipate the derived demand 
for the intermediate goods that arises from the Cournot—Nash equilibrium in stage 


3. From the market-clearing conditions in the two countries, 1.e., X; = = 2 Yji 


7We can also assume that one unit of the intermediate goods together with one unit of a second 
input is required to produce one unit of the final goods and that, in the home (foreign) country, the 
second input is supplied to the downstream firm at an exogenously given price c (c2). 
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(i = 1,2), we can derive the inverse demand for the intermediate goods in the home 
and the foreign countries: 


1 l 
ri (Xi, Xj) =% = ci — ST) — Xi -5% ij=l,2 iFj. (9.4) 


The home and the foreign upstream firms have constant marginal costs of 
producing the intermediate goods, kų and k2, respectively. Their profits are given 
by 


mY =(n—k)xat(y—k—t)xy, EF =1,2 iF). (9.5) 


The first-order conditions for profit maximization by the home and the foreign 
upstream firms under the Cournot assumption are 


bi 
Fi — Ki T Ate. T Yinzgy ~ Y; 
dX; "OX; 
Or; Or; a : : 
ki tiy, F =0, =l iFj. (9.6) 


By solving these conditions simultaneously, we obtain the equilibrium sales of the 
home and the foreign upstream firms: 


9 


a tat ata) ae a aa E Em 1.2 TF 


9 
(9.7) 
From (9.4) and (9.7), the equilibrium prices of the intermediate goods in the home 
and the foreign countries are 


2a — 2c) + 2 (ki + &) + 24 - Tj 


i © Ef =1,2, iF}. (9.8) 


Fi 


By substituting (9.8) into (9.3), we have the equilibrium sales of the home and the 
foreign downstream firms: 


4a — 8c; + 4c; — 2 (ki + kj) — 4ti + 2 (ti + T;) + 5T; 


E T 
4æ + 4c; — 8c; — 2 (ki + k;) + 2t — 4t; — 10T; — T; 
T ij=1,2 iFj. 


(9.9) 
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From (9.9), the equilibrium total sales in the home and the foreign countries are thus 


Sa —4 Ci +c; + ki +k; —2 t +t; —57;+ T; 
aes et ls ie eal BL ij=1,2, iÆj. 
(9.10) 


9.3 Import Tariff Policy Game 


This section examines the import tariff policies of the home and the foreign 
countries. In stage 1, the home and the foreign governments independently and 
simultaneously set their import tariffs on the intermediate and the final goods to 
maximize their own welfare, realizing the effects of their intervention on the firms’ 
decisions in stages 2 and 3. We analyze three trade policy games: (1) a game where 
the home and the foreign governments only use an import tariff on the final goods, 
(11) a game where the two governments only use an import tariff on the intermediate 
goods, and (111) a game where both governments use import tariffs on the final and 
the intermediate goods.® 

The welfare of each country is given by the sum of the profits of the downstream 
and upstream firms, consumer surplus, and tariff revenue: 


=P pnt | = D U S t= 
W; = n? + nË + CS; + TR; ar m+ er mY +CS:+TR;, i=1,2 
(9.11) 


where CS; = i pi (s) ds — pi (Yj) Y; denotes consumer surplus, TR; = Tyyy + tiXij 
denotes tariff revenue, and “hi and A (k = D, U) denote the profits made by the 
downstream and upstream firms in the home and the foreign markets, respectively. 


9.3.1 Trade Policy Game with Import Tariff on the Final Good 


We begin with the case where the home and the foreign governments impose a tariff 
on final goods imports.’ In the Nash equilibrium, each government maximizes its 
welfare given the import tariff on the final goods set by the other government. Thus, 


SIn the subsequent analysis, we assume that all upstream and downstream firms sell positive 
uantities in the home and foreign markets (1.e., x; > 0 and y; > 0, i,j = 1, 2). 

q 2 ij Yij J 

’In this subsection, we assume that the import tariff on the intermediate goods is zero (i.e., ti = 

h = 0). 
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the first-order conditions for the Nash equilibrium are 


OW; one ony nË Onyx OCS; OTR; 
— 1; 19; Tii 19; = 0, i= L2. (9.12) 


Ə; Ə; Ə; Ə; ƏT; OT, aT, 


The first term in (9.12) is the effect of the tariff against final goods imports on the 
downstream firm’s profits in the home market: an increase in the tariff Ti imposed 
by the home government increases the domestic sales of the home downstream 
firm and its profits from the home market. The second term is the effect on the 
downstream firm’s profits in the foreign market: an increase in 7; decreases the 
exports of the home downstream firm and its profits in the foreign market. The third 
term is the effect on the upstream firm’s profits in the home market: an increase in T) 
increases the domestic sales of the home upstream firm because of an increase in the 
derived demand for the intermediate goods in the home country, thereby increasing 
its local profits. The fourth term is the effect on the upstream firm’s profits in the 
foreign market: an increase in Tı decreases the exports of the home upstream firm 
and lowers the foreign price of the intermediate goods because of a decrease in the 
derived demand for the intermediate goods in the foreign country, thus reducing its 
profits from the foreign market.'° The fifth term is the effect on consumer surplus: 
an increase in 7; decreases the total sales of the final goods in the home country 
and thereby reduces its consumer surplus. The sixth term is the effect on the tariff 
revenue of the home government: an increase in Tı raises (respectively reduces) 
tariff revenue from final goods imports for low (respectively high) tariffs. 

Using (9.7), (9.8), (9.9), and (9.10) to solve (9.12) yields the Nash equilibrium 
import tariffs of both countries: 


T, = 440a + 34¢; = 474c; + 161k; = 601k; 


(7=1,2 iF}. 9.13 
7704 i, j i$j (9.13) 


Using (9.13) to compare the Nash equilibrium import tariffs yields 


2 (c1 — 2) E) 


oe 11 


(9.14) 

If the home upstream firm produces at sufficiently smaller marginal costs than 
the foreign upstream firm, the home country may impose the lowest import tariff on 
the final goods, even if the home downstream firm is less efficient than the foreign 
downstream firm. This leads to the following proposition. 


From dxf /OT; + dx}; /OT; = —x; /3 < 0, the negative effect of the home downstream tariff 7; 
on the export profits of the home upstream firm outweighs the positive effect on its local profits; 
consequently, an increase in Tı reduces the home upstream firm’s profits. 
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Proposition 9.1 Country i, whose downstream firm has the highest costs (i.e., Ci > 
cj), imposes the lowest import tariff on the final goods (1.e., Ti < T;) if and only if 


= (ci — cj) < kj — kj. 


We can explain the intuition behind Proposition 9.1 as follows. Suppose that 
the home downstream firm has a cost disadvantage (i.e., c1 > c2) and the home 
upstream firm has a cost advantage (1.e., kj < k2). When cı > c2, the foreign 
downstream firm’s profits in the home market that the home government can extract 
with its downstream tariff 7; are larger than the home downstream firm’s profits in 
the foreign market that the foreign government can extract with its downstream 
tariff T2. This leads the home government to have a greater incentive than the 
foreign government to impose a downstream tariff. However, when kı < k2, the 
negative effect of the home downstream tariff T} on the home upstream firm’s 
export profits is greater than that of the foreign downstream tariff T on the foreign 
upstream firm’s export profits because the home upstream firm’s exports are larger 
than the foreign upstream firm’s exports. This entails a weaker incentive for the 
home government to levy a downstream tariff than for the foreign government. If 
the cost difference, kz — kı , between foreign and home upstream firms is sufficiently 
large, the vertical effect of the downstream tariff on the upstream firm’s profits 
outweighs the horizontal profit-extracting effect. Therefore, the home government 
imposes the smallest downstream tariff, even if the home downstream firm has a 
cost disadvantage. 


9.3.2 Trade Policy Game with Import Tariff 
on the Intermediate Good 


We next turn to the case where both governments impose a tariff on intermediate 
goods imports.!! The first-order conditions for the Nash equilibrium in import tariffs 
on the intermediate goods are 


OW, nË dae dn? ðn? OCS; OTR; 
= SM y au ST, Oi =0, i=1,2. (9.15) 


= ——— — + —— — 


“Ot Ot; Ot; Ot; Ot; Ot; Ot; 


The first term in (9.15) is the effect of the tariff against intermediate goods imports 
on the upstream firm’s profits in the home market: an increase in the tariff tı imposed 
by the home government increases the domestic sales of the home upstream firm and 
raises the intermediate goods price in the home country, thereby increasing its local 
profits. The second term is the effect on the upstream firm’s profits in the foreign 
market: an increase in t; decreases the exports of the home upstream firm and its 


lIn this subsection, we assume that the import tariff on the final goods is zero (i.e., Ti = Tə = 0). 
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profits from the foreign market.!* The sum of the third and fourth terms is the effect 
on the downstream firm’s profits: an increase in tı raises the marginal costs that the 
home downstream firm faces because of a rise in the home price of the intermediate 
goods, thus reducing its sales and profits in the home and foreign markets. The 
fifth term is the effect on consumer surplus: an increase in ft; decreases the total 
sales of the final goods in the home country and its consumer surplus. The sixth 
term is the effect on the tariff revenue of the home government: an increase in tı 
raises (respectively reduces) tariff revenue from intermediate goods imports for low 
(respectively high) tariffs. 

Using (9.7), (9.8), (9.9), and (9.10) to solve (9.15) yields the Nash equilibrium 
import tariffs!°: 


— 170a — 449c; + 219c; + 71k; — 241k; 


| ij=1,2 iÆj. 9.16 
1768 i, j i$j (9.16) 


Using (9.16) to compare the Nash equilibrium import tariffs yields 


3 (ki =k) — Ter — 2) 


7 (9.17) 


i 

If the home downstream firm is significantly less efficient than the foreign 

downstream firm, the home country may levy the lowest import tariff on the 

intermediate goods, even if the home upstream firm’s costs are higher than the 
foreign upstream firm’s costs. This leads to the following proposition. 


Proposition 9.2 Country i, whose upstream firm has the highest costs (i.e., ki > ki), 
imposes the lowest import tariff on the intermediate goods (i.e., ti < tj) if and only 
if 5 (ki — kj) < Cj — Cj. 

We can explain the intuition behind Proposition 9.2 as follows. Suppose that the 
home upstream firm has highest costs (i.e., kj > k2) and the home downstream 
firm has highest costs (i.e., ci > C2). When kı > ko, the foreign upstream firm’s 
export profits for the home government to extract with its upstream tariff tı are 
greater than the home upstream firm’s export profits for the foreign government to 
extract with its downstream tariff t2. This induces a stronger incentive for the home 
government to levy an upstream tariff than for the foreign government. However, 
when cy > C2, the foreign downstream firm’s output and its derived demand for 
the intermediate goods are larger than those of the home downstream firm, so 
the foreign imports of the intermediate goods are greater than the home imports. 
This causes the foreign government’s incentive for an upstream tariff to outweigh 


From Ons / Ot; + Ory, / ðt; = 2x;/3 > 0, the positive effect of the home upstream tariff t} on 
the local profits of the home upstream firm outweighs the negative effect on its export profits; 
therefore, an increase in f; increases the home upstream firm’s profits. 

'3The Nash equilibrium import tariff on the intermediate goods can be negative (an import subsidy) 
for one of the two countries. 
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that of the home government. If the cost difference, cı — c2, between home and 
foreign downstream firms is significantly large, the vertical effect arising from a 
downstream sector dominates the horizontal profit-extracting effect. Consequently, 
the home government levies the lowest upstream tariff, even if the home upstream 
firm has the highest costs. 


9.3.3 Trade Policy Game with Import Tariffs on the Final 
and the Intermediate Goods 


We now consider the case where the home and the foreign governments impose 
tariffs on both final goods and intermediate goods imports. The first-order conditions 
for the Nash equilibrium in import tariffs on the final and the intermediate goods are 


OW; dm IT; On, Om, OCS; OTR; _9 ois) 
OT; OT; OT; OT; OT; OT: aT; : 


“Ot; Ot; Ot; Ot; Ot; Ot H Ot oe eae Ce?) 


The sixth term in (9.18) is the tariff revenue effect: in addition to the effect on tariff 
revenue from final goods imports (as mentioned in 9.3.1), an increase in T; increases 
imports of the intermediate goods, thereby raising tariff revenue from intermediate 
goods imports. The sixth term in (9.19) is the tariff revenue effect: in addition to 
the effect on tariff revenue from intermediate goods imports (as stated in 9.3.2), an 
increase in f; increases imports of the final goods, thus raising tariff revenue from 
final goods imports. 

Using (9.7), (9.8), (9.9), and (9.10) to solve (9.18) and (9.19) yields the Nash 
equilibrium import tariffs: 


1210% — 173c; — 1037c; + 259k; — 1469k; 


a Ane (9.20) 
5808 
110 — 247c; + 137c; + 89k; — 199k; 
p= eee ij—-1,2 iFj. (9.21) 


The differential between the two Nash equilibrium import tariffs on the final 
goods (9.20) is 


T-T, = a a (9.22) 


The differential between the Nash equilibrium import tariffs on the intermediate 
goods (9.21) is 


3 (kı — k2) — 4 (c1 — 
t -b= ae (9.23) 
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If the home upstream firm’s costs are much lower than the foreign upstream 
firm’s costs, the home country will levy the smallest import tariff on the final goods, 
even if the home downstream firm has a cost disadvantage. However, if the home 
downstream firm’s costs are sufficiently higher than the foreign downstream firm’s 
costs, the home country will levy the smallest import tariff on the intermediate 
goods, even if the home upstream firm has the highest costs. This leads to the 
following proposition. 


Proposition 9.3 Country i, with the most inefficient downstream firm (i.e., Ci > cj), 
imposes the lowest import tariff on the final goods (i.e., Ti < T;) if and only if 
(ci — cj) < kj — ki. Further, country i, with the highest-cost upstream firm (i.e., 
ki > kj), imposes the lowest import tariff on the intermediate goods (i.e., ti < t;) if 
and only if + (k; = Ki) < Cy 


9.4 Conclusion 


We have investigated the Nash equilibrium tariffs on final goods and intermediate 
goods imports in a model of vertically related markets characterized by Cournot 
competition. We show that, if the home upstream firm’s costs are sufficiently lower 
than the foreign upstream firm’s costs, the home country will impose the lowest 
import tariff on the final goods, even if the home downstream firm has the highest 
costs. Further, if the home downstream firm is significantly less efficient than the 
foreign downstream firm, the home country will levy the lowest import tariff on the 
intermediate goods, even if the home upstream firm has the highest costs. 

Our model suggests some extensions. It would be interesting to consider product 
differentiation for the final goods and extend the analysis to Bertrand competition. 
Similarly, it would be important to consider the case of general numbers of 
downstream and upstream firms. We would like to extend our model to include 
these topics in future research. 
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Appendix 
Cournot Duopoly Model Without an Intermediate Goods Sector 


Consider a Cournot duopoly model without an intermediate goods sector. The profits 
of home and foreign firms are given by m; = (pi — ci) Yü + (pj — Ci — T;) yi (i,j = 
1,2, i Æ j), where cı and c2 are home and foreign firms’ marginal costs, respectively. 
The welfare of each country is given by the sum of the firm’s profits, consumer 
surplus, and tariff revenue: W; = m; + CS; + TR; (i = 1,2), where TR; = T;yij. 
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The equilibrium values in the Cournot duopoly case without a vertical industry 
structure are given by 


a — 2¢; + c; + T; 
a 


3 
= a a a 
Yij = 3 , 
2A =G EGS a TEF 
e S2 ee 


When home and foreign governments simultaneously and independently choose 
their import tariffs to maximize national welfare, the Nash equilibrium import tariffs 
are 


Q&Q — Cj 
2 9 





T; = at), 773 


Comparing the Nash equilibrium import tariffs of the two countries yields 


C1 —C 
haa a 





If the home firm has the highest costs, cı > c2, then the home country will 
impose the highest tariff, 7; > T2. This leads to the following proposition. 


Proposition A9.1 The country with the highest-cost firm imposes the largest import 


tariff. 
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Part IV 
Food and Trade Policies 


Chapter 10 
Strategic Trade Policy and Food Trade 


Makoto Tawada and Madoka Okimoto 


Abstract The increasing volume of food trade may result in unfavorable food 
inflows from foreign countries, where inspection costs are high or inspection quality 
is degraded. One solution is to charge food-trading companies for inspection costs. 
To this end, we create a model that delivers a game between the government of the 
food-importing country and foreign food firms. We then prove that, under a given 
unit inspection budget, the optimal tariff rate is one that balances inspection costs 
with tariff revenue. Under such a system, there is no market failure caused by the 
inflow of bad food, although this does not mean that inspection is not required for 
the food-importing country’s efficiency. Thus, the condition of an optimal level of 
inspection is derived. 


Keywords Food safety ° Tariff ° Inspection ° Strategic trade policy 


10.1 Introduction 


In the age of globalization, the transportation system has become well developed, 
and free trade has become widespread. These recent changes in global society 
have particularly affected the food industry. Currently, people can consume all 
kinds of food that has been transported across long distances because preservation 
technology protects food quality, such that we can even enjoy fresh food that was 
produced in distant countries. There are specific characteristics of security, safety, 
and the natural environment associated with the trade of food. Regarding safety, an 
exporting country’s government may not be concerned about the health of foreign 
people. Alternatively, the safety standards of food may differ among countries, thus 
allowing unfavorable food inflows from a foreign country. In contrast to other goods, 
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it is usually difficult for consumers to distinguish between bad food and good food, 
which is vital given that food is directly related to the well-being of human beings. 

Consumers are usually unable to determine what materials are used in processed 
food. A food production firm may try to reduce production costs by incorporating 
low-quality materials, which may be damaging to consumers’ health. This incentive 
is likely strengthened when food is produced in a foreign country because it is 
difficult for the importing country’s government to directly inspect foreign firms 
and punish them for supplying bad food. For example, Japan and China experienced 
such a conflict concerning toxic dumplings and, recently, as did China and Taiwan 
concerning tainted cooking oil.! It is well known that beef from cows infected with 
BSE had become a diplomatic issue among many countries. We should also notice 
that the scientific evidence about safety in production processes may matter. For 
instance, chlorinated chickens, hormone-treated beef, some chemical fertilizers, and 
GMOs have come into question regarding health and safety. 

Hence, the government of a food-importing country must inspect the imported 
food. With economic globalization, either inspection costs are high or the inspection 
quality is degraded owing to the increasing volume of food trade. In fact, the 
US government has experienced a rapid increase in inspection costs and is facing 
difficulties keeping the inspection system of imported food sound. One solution 
to this difficulty is to charge inspection costs to food-trading companies. The 
Australian government charges all inspection costs to food importers based on the 
imported food control regulations of 1993. The Japanese system protects against 
inflows of bad food by imposing a certificate issued by government-designated 
authorities on high-risk food companies; those firms have to pay the cost of 
inspection to get the certificate.? Many trading companies complain about these 
policies. Thus, it is necessary to evaluate policies of this type from an economic 
point of view. In this chapter, we address food trade by focusing on this safety 
aspect, and we evaluate a food inspection policy where inspection costs are charged 
to the trading companies. It is revealed that the policy is reasonable in terms of the 
the importing country’s economic efficiency. 

Concerning trading with risk, there have been many studies on topics such as 
illegal migration and smuggling; however, studies on food trade regarding unhealthy 
food are sparse. In the context of the food trade under asymmetric information, 
(Calzolari and Immordino, 2005) considered the case where food produced by an 
innovative technology causes health issues among consumers of that food. They 
assess the political decision of whether to ban or approve food produced using 
such production technologies. Cardebat and Cassagnard (2010) addressed the illegal 


'The problem of the toxic dumplings occurred in January 2008. The tainted cooking oil problem 
occurred in September 2014. 

See the report of Mitsubishi Research Institute (2008) for the food inspection systems of the US 
and Australian governments. As for the Japanese food inspection system, see the Japanese Ministry 
of Health, Labour and Welfare (2014). 

>See, for instance, Ethier (1986), Bond and Chen (1987), and Djajic (1997) on illegal migration 
and Bhagwati and Hansen (1973), Kemp (1976), and Martin and Panagariya (1984) on smuggling. 
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production processes of foreign firms under asymmetric information, so their model 
resembles our case, but the purpose is quite different. In addition, their model is 
more complicated because they introduce the possibility of a boycott of the illegal 
food and assume that imperfect competition prevails in the food industry. Because 
of this, the properties of the equilibrium are ambiguous, and the results are heavily 
dependent on the simulation analysis. 

To investigate the abovementioned topic, we construct a model in which foreign 
firms are competing with domestic firms and reduce production costs by mixing in 
low-quality materials in the production process. The low-quality food may cause 
health issues for the consumers. Nevertheless, lower- income consumers may prefer 
the unhealthy food because of its low price. In our model, the importing government, 
from a national welfare point of view, wants domestic consumers to enjoy sound 
food. Thus, the importing government needs to inspect the imported food and 
ban bad food from being imported. Foreign firms, facing the possibility of illegal 
food detection, aim to maximize their profits by mixing lower-quality material 
into their products. Therefore, first, we consider a game between the welfare- 
maximizing home government and profit-maximizing foreign firms. In our game 
setting, we employ a special assumption that, under a given inspection cost, the 
home government will use a tariff policy to control the inflow of bad foreign food. 
Thus, the strategic variable of the home government is a tariff rate imposed on the 
foreign food, while that of the foreign firms is the mixed rate of bad food. In this 
game, we investigate the properties of each player’s response function and the game 
equilibrium and make a comparative static analysis of the equilibrium. 

In our setting, there is no market failure caused by the inflow of bad food since 
consumers have sufficient information on the inflow and influence of bad food, 
and all firms are perfectly competitive. However, the strategic behaviors of the 
food exporting firms and the food importing government cause positive levels of 
inspection and thus a tariff for the government to attain market efficiency. 

This chapter is organized as follows. The next section introduces the model. 
Section 10.3 1s devoted to the preliminary analysis. The properties of each player’s 
response function for their game and the game equilibrium are investigated in 
Sect. 10.4. Section 10.5 is devoted to analysis of the optimal level of inspection 
for the food-importing country. The last section proposes our concluding remarks. 


10.2 Model 


Consider an economy consisting of a domestic country and a foreign country. 
Each country has profit-maximizing firms in food production. Although some 
studies, such as that of Cardebat and Cassagnard (2010), assume the existence 
of oligopolistic firms, it seems more realistic to suppose that many small firms 
are engaged in food production. Hence, it is assumed that all firms are perfectly 
competitive in both countries. We suppose that consumers exist only in the home 
country. Thus, all of the food produced in the foreign country is exported to the 
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home country, and all of the food produced in the home country is domestically 
consumed. We call firms in home country H home firms and firms in foreign country 
F foreign firms. 

Country H regulates food quality by adopting a certain quality standard and 
applies this standard to all food consumed in the country. We assume that home 
firms produce food under an identical constant marginal cost c” and supply food 
satisfying the quality standard. In contrast, foreign firms produce food using a 
production process where they can reduce production costs by mixing in low-quality 
materials. If food is produced with such low-quality materials, it will not satisfy the 
quality standard adopted by the home country and will cause health issues to those 
who consume it. We assume that both types of food look the same superficially to 
consumers, so consumers cannot distinguish between safe and bad food. Consumers 
can, however, distinguish between foreign and domestic products based on their 
labels and have knowledge that some bad food is mixed in foreign food but not in 
the home food. Consumers are also aware of the health risks of consuming bad food. 

We suppose that consumers are uniformly distributed in [0, 1] and each consumer 
will buy at most one unit of food. A consumer of type 6, where 0 e [0,1], has 
disutility 0 for the risk of consuming bad food. Now let us define @ as the probability 
that a consumer chooses bad food when he/she buys the foreign food. All consumers 
have utility U for one unit of food. Therefore, defining p” and p” as the prices 
of home food and foreign food, respectively, the consumer surplus of type 0 is 
exhibited as CS” (0) = U — p” or CS*(8) = U — (1 + @)ab — p’, respectively, 
according to the case where domestic food or foreign food is consumed. In the 
above formulation of CS“ (0), b is defined as the disutility of consuming the bad 
food, such that ab and @ab imply the expected disutility of consuming bad food 
and the disutility against facing such a risk, respectively. 

Each consumer will buy the food that brings forth the highest positive consumer 
surplus. Therefore, the condition for a consumer 9 to buy home food is that U—p” > 
U — (1 + @)ab — p", or, equivalently, 9 > (p? — pë —ab)/ab and U — p” > 0. 
Likewise, the condition for a consumer 9 to buy foreign food is that U — p” < U — 
(1+0)ab—p’, or, equivalently, 0 < (p”—p* —ab)/ab and U— (1 +0)æb—p* > 0, 
or (U — p’ —ab)/ab > 0. 

Now, we consider the following assumption. 


Assumption 10.1 U — p? > 0 and p” — p* —ab > 0. 


Under this assumption, consumer 0 will buy domestic food if 6 > ( pi — p" — 
ab)/ab and buy foreign food if 06 < (p” — p’ — ab)/ab. This is illustrated in 
Fig. 10.1. 

We turn our attention to the production side. All home country firms produce 
only sound food under the common constant marginal cost, c”, whereas any foreign 
country firm has an incentive to produce bad food to reduce its production costs. 
Let the probability to produce bad food be f and the expected marginal cost be 
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Demand for Demand for 
Foreign Food Home Food 


0 i l 
p”- p* - &b U-p' -ab 
ah ab 


Fig. 10.1 Demands for home and foreign food 


cë = c" (p), where we assume cz = dc" /dB < 0 and ch, = d’c"/dp* > 0.* The 
assumption that c4, > 0 is necessary for the expected profit-maximizing foreign 
firms to determine the optimal probability to produce bad food. 

We first consider the profit-maximizing behavior of a typical home firm, which 


is described as follows: 


max n” = p” x” “Cy. (H) 
X 


under perfect competition, where x” is the amount of food produced by the home 
firm. 

Next, for a typical risk-neutral foreign firm, its expected profit-maximizing 
behavior is expressed as follows: 


max n” = (1 —8)p*x" —c"(B)x", (F) 


xB 


under perfect competition, where ô is the probability of bad food being detected 
when the firm produces it, p? is the export price of the foreign food, and x” is the 
amount of food produced by the foreign firm. In the above description of the profit- 
maximizing behavior, we suppose that the detected bad food has to be thrown away, 
but no fine is imposed because the home government cannot punish any foreign 
firms. 

Our final step to describe our model is to explain the home government’s 
behavior. The aim of the home country’s government is to maximize the welfare 
of the home country when adopting policies. Here, we consider two policies: a tariff 
policy and an inspection policy. The home government imposes a tariff on the food 
imported from the foreign country. Let the tariff rate be t. The consumer price of the 
imported food is p% + t = p“. Concerning the inspection policy, the government 
uses an average cost g for the inspection of one unit of imported food. The bad food 
is necessarily detected if g = g, but some bad food passes into the home market if 
g < g. The government picks some samples randomly and examines them with the 
cost of g for one unit inspection. Suppose the government prepares the budget g for 
the average cost of one unit inspection. Then, the probability of detecting bad food 


*Each firm decides whether it produces bad food according to the probability £. 
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from the foreign country is as follows: 


where X* is the total foreign food exported to the home country. Obviously, o’ (g) = 
1/2 > 0 and o” (g) = 0. 

Denoting T = (p” — p* — ab)/ab, we obtain the total demands of the home 
food and foreign food as 1 — T and T, respectively. Therefore, the social welfare of 
the domestic country is represented by the following: 


1 T 
SW = J (U — p”)d + | [U — (1+ @)ab — p’ dé — gx" + tT, (10.1) 
T 0 


where the first and second terms represent consumer surpluses accrued from the 
consumption of the home food and foreign food, respectively, gX*is the cost of an 
inspection, and tT is the tariff revenue. The government tries to maximize (10.1) 
with respect to g and/or t. 


10.3 Preliminary Analysis 


Concerning the optimization problem (H), the zero-profit condition of the firm 
means the following: 


p? = d. (10.2) 


As for the foreign firms, the optimization problem (F) brings forth the following 
zero-profit condition: 


(1 — 8" — c" (F) = 0, (10.3) 
with the first-order condition for optimal ĝ: 
— op —c''(B) = 0, (10.4) 


where the second-order condition, —c®” (8) < 0, is satisfied by assumption. 
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To inspect (10.1) in detail, we should notice that ô = Bo(g),a = BU — 
o(g))/(1 — Bo(g)), and X* = T/(1 — Bo(g)). Moreover, p” = c” and pë = 
DE +t = c" (B)/( — Bo(g)) + t, in view of (10.2) and (10.3). Hence, we obtain the 
following: 


1 T 
sw = | (U -pao + | [U — (1 + 0)æb — p"]d0 — gX" + tT 
T 0 


T 
= u- | [p” — (1 + 0)ab — p"|dé — gx" + tT 


1 T 
= U — p” + o” — p" — ab) — T — gX" + tT 
0 


l 
= U — p” + (pi —p" —ab)T — 5abT* — gX" + 1T 
l 
= U- p” +abT° — 5abT* — gX" +T 


l 
= U — p” + zag P P aby} — aX" + AT. (10.5) 


10.4 Game 


We are now in a position to explain a game between the foreign firms and the home 
government. To maximize the welfare of the home country, the home government 
can use a tariff policy or an inspection policy. To simplify the analysis, we mainly 
focus on a situation where the home government uses the tariff policy to maximize 
the home national welfare under a given unit inspection budget. 

Once the unit inspection budget g is given, the optimal condition of the tariff 
policy is obtained as 


dW oly, Fp Vra F dT dX" 
— = — —p —ab)(-1 — —p —ab)+t— — g — 
a ee 

a ee =0 (10.6) 
= ab 1—Bo(g)) ` l 
In addition, the second-order condition is assured since d*SW/dt? = —1/ab < 0. 


In what follows, we consider a noncooperative game in which foreign firms use 
the value of 6 and the home government uses the value of t as strategic variables. In 
this game, the foreign firms’ reaction function is expressed by (10.4) and that of the 
home government is expressed by (10.6). 

First, we investigate the properties of the reaction function of foreign firms. It is 
obvious by (10.4) that the optimal £$ for the firms has nothing to do with the level 
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Curve B 





_— _ 
g te) 1-(e/z) : 


Fig. 10.2 Reaction curves and equilibrium 


of the tariff rate t. Therefore, we can see in Fig. 10.2 that the reaction curve of the 
foreign firm becomes a horizontal line, like line A. 
Total differentiation of (10.4) yields the following: 


DEP) ( Bog) F 


1 — Bo (e) 1 — po (8) 
TOOU- + FW 5 erp) ap- 
+| CETO nk wane 


from which we obtain 





dg (1—Bo(gyceP"(B) 


because c*’(B)(1 — Bo(g)) + c*(B)o(g) = 0 in view of (10.3) and (10.4). This 
implies that a rise in g reduces to a fall in 6. The reaction curve, line A, thus shifts 
downward with an increase in g, as in Fig. 10.2. 

Now we obtain the following: 


Theorem 10.1 


ap (w)c"(B) (1+ As) 0 (10.7) 


(i) Foreign firms determine their probability of producing bad food independently 
of the level of tariffs imposed by the home government. 

(ii) When the domestic government adopts more severe inspection, foreign firms 
reduce their probability of producing bad food. 


As for (1) of Theorem 10.1, the tariff affects only the amount of imported food 
through the demand for the foreign food. However, foreign firms produce food under 
perfect competition, so they do not care about the output level under technology with 
constant returns to scale. Thus, the probability 6 optimal to the firms has nothing to 
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do with the level of the tariff. (11) of Theorem 10.1 simply means that foreign firms 
decrease the probability 6 to control an increase in risk because the reinforcement 
of the inspection increases the risk of bad food being detected. 

Next, we will investigate the reaction function of the home government expressed 
by (10.6). Under the assumption that 6 > 0 and g > 0, the tariff t satisfying (10.6) 
is positive because 


= 8 
oT 5eG) 


With the above equation, we also obtain the following: 


(10.8) 


I 8e) o 
oB (1 -— polg) 
and 
ot _ 1— pole) + poe) a 
dg (1 — Bo(g))? . 
Finally (10.6) yields 


ie 8 = 
tax = |e- | P= o 


implying that the optimal reaction for the home government is to balance the tariff 
revenue and the total cost of inspection. 

Now, we can summarize the properties of the optimal reaction of the home 
government as follows: 


Theorem 10.2 Concerning the tariff reaction of the home government, 


(i) For any given B > 0 and g > 0, the tariff rate is positive. 
(ii) The tariff reaction against B is such that the tariff revenue is balanced with the 
inspection cost; thus, the tariff rate is zero if there is no inspection. 
(iii) A rise in the probability for the foreign firms to produce bad food raises the 
tariff rate. 
(iv) An increase in the budget for inspection raises the tariff rate. 


Among the results in Theorem 10.2, the most interesting and important is (11), which 
can be interpreted as follows: If the tariff revenue is more than the total inspection 
cost, the economy becomes inefficient owing to the trade barrier of the too heavy 
tariff. Conversely, if the tariff revenue is less than the total inspection cost, the 
inspection is too costly. Under the given inspection cost, therefore, the government’s 
best tariff strategy is to cover the inspection cost with the tariff revenue. The 
tariff policy is equivalent to a certification policy where the government inspection 
cost is charged to the exporting firms. Hence, some governments, such as the 
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Australian and Japanese governments, adopt a certification policy because the direct 
application of a tariff policy becomes difficult under the global movement of free 
trade. 

(1) is a natural conclusion from (11). The reason for (111) is that a rise in the 
probability 6 by the foreign firms increases the home consumers’ risk to consume 
bad food; hence, the home government tries to reduce this risk with a rise in tariffs 
to discourage foreign firms from exporting such food. (iv) simply means that an 
increase in the expenditures for inspection should be covered by the tariff revenue 
as Stated in (11). The level of the tariff rate thus increases. Because of (111) and (iv), the 
home government’s reaction curve slopes negatively, which is illustrated as curve B 
in Fig. 10.2, and shifts to the right with an increase in g. 

We can now see an equilibrium of the game between foreign firms and the home 
government. The equilibrium of the game is characterized by two equations, (10.4) 
and (10.6), which determine f and t under g > 0. Therefore, we express these 
equilibrium f and t by f(g) and t(g), respectively. In Fig. 10.2, the equilibrium pair 
of B(g) and t(g) is displayed by point E. Once g becomes larger, the reaction curves 
A and B move downward and to the right, respectively. Hence, equilibrium point E 
moves to point H, where the new reaction curves are intersecting. It is easy to see 
from this illustration that an increase in g decreases f(g), but whether f(g) rises or 
falls is ambiguous. 

To investigate the movement of ¢(g) in greater detail, we calculate dt/dg. We 
obtain the following: 


E Ot 
= 3, 


Ot 


dp 
earn 
(10.6) op 


dt — 
(10.6) 48 











§ 
(10.4) 


P Bo(g) 
go (8) c" (B) 0" (8) (1+ Paes) 1 — Bo (g) + Bo’ (8) 


n | IW) 10.9 
(1 — bo (8)? (1-— Bo (g))cF” (B) H (1 — Bo (8)}? 10.7) 


where [9t/ðg]ao. is the partial derivative of (10.6), for example. The first and 
second terms on the right-hand side of (10.9) show the indirect and direct effects, 
respectively. In Fig. 10.2, the direct effect is expressed by a shift in t from E to F, 
whereas the indirect effect is a shift in t from F to H. The direct effect implies 
that, for an increase in g, the home government raises ¢ to cover an increase in the 
inspection cost. In contrast, the indirect effect means that, with an increase in g, 
foreign firms lower p, and the home government reacts to this lowering of B with 
the reduction of t. The direct effect is positive, whereas the indirect effect is negative. 
Hence, dt/dg > (<)0, if and only if the direct effect is greater (less) than the indirect 
effect. 

We also see that the degree of consumer disutility caused by consuming bad 
food has nothing to do with the full equilibrium. This is because neither Eq. (10.4) 
nor Eq.(10.6) contains b. The reason for this result is that b can affect only the 
food supply of foreign firms through the demand for the foreign food, but 6 is 
determined independently of the foreign production level. Moreover, b can affect 
the tariff revenue of the home government through the demand for foreign food, 
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but it cannot be influential to t because of the optimal condition that the tariff 
revenue has to be balanced with the total inspection cost, that is, tT — gX* = 
[t -8/0 — fo (g))|T =0. 

The following theorem is a summary of the above results concerning the full 
equilibrium. 


Theorem 10.3 For any given positive g, there is a unique positive equilibrium pair 
of B and t. For a greater g, the equilibrium value of B is smaller and that of t is 
larger (smaller) if the direct (indirect) effect of g to t overwhelms that of the indirect 
(direct) effect. Finally, the equilibrium values of B and t are never affected by the 
degree of consumer disutility caused by consuming bad food. 


Proof It is sufficient to show that there is a unique positive equilibrium pair of B and 
t for any given positive g, since the remaining part of the theorem has been shown 
already. By the property of our model, we can confine the range of g to [0, g]. As 
for the reaction line of the foreign firms, if g = 0, 6 = 1, and if g = g, f = 0. 
(The details of the derivation are omitted.) Moreover, B decreases as g increases. 
Thus, in Fig. 10.2, the reaction line A must be a horizontal line with B € (0, 1) 
for any g € (0,g). Concerning the reaction curve of the home government, let 


t= g/(1 — B(g/z)) = f (P, 2). Then, for any given g € (0, 28), we have 


| . g 
| .g)=g and | .g)= . 
pe g) = g an him f(P os > 8 


(8/8) 
Hence, the home government’s reaction curve, curve B in Fig. 10.2, necessarily cuts 
the foreign firms’ reaction line, line A. Moreover, as seen in the figure, this cutting 


point is an equilibrium point (t(e), B(g)) and satisfies t(g) > 0 and O < f(e) < 1. 
Q.E.D. 


10.5 Optimal Inspection 


Once f is given, the optimal inspection is no inspection since there is no market 
failure in the home country. In our circumstances, however, the best strategy of the 
foreign firms is to set 6 = 1 if the home government executes no inspection. Then 
the home welfare may increase if the home government introduces inspection in 
order to make the foreign firms reduce the level of P. Thus, we need to seek the 
optimal inspection level for the home country. 

In order to determine the optimal inspection level, the home government sets the 
welfare maximization problem as 


1 T 
max SW = f (U-p")d0+ f [U—(1 + Oab —p"]d0 — gx" + 17. 
E T 0 


subjectto t= (10.8) 


_ § 
1 — Bo(g) 
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(1 —5)p" —c" (B) = 0, (10.3) 
— op’ —c''(B) =0, (10.4) 


which can be reduced to 


l 
max Ued (pl! = —ab) 
TOON 
[po 


After tedious calculation, we have the first-order optimum condition such that 


subject to 


2(1 — Bo(g)) [g + ¢*(B)B — BLA — P)| 


o — (1 — B)abT 





EP) 2 (b+ 22) + bT | 
7 c" (B) — Ba(g)) 


(The details of the derivation are omitted. Any reader can request them from one of 
the authors if necessary.) 

Because of this lengthy equation, it is hard to develop the analysis further without 
functional specification and numerical simulation. 


10.6 Concluding Remarks 


In this chapter, we investigated an optimal tariff on foreign food, which may be 
harmful to consumers’ health. The framework we employed is a game between the 
importing country’s government and the exporting countries’ firms. The strategic 
variables of the government and the firms are an import tariff to control the import 
amount and a mixed rate of bad food to reduce production costs, respectively. 

We showed that, under a given unit inspection budget, the optimal tariff rate 
is the one that balances the total inspection cost with the tariff revenue. Thus, no 
tariff is the optimal strategy for the importing government if there is no inspection 
of the imported food. We also showed that, for a greater unit inspection budget, 
foreign firms’ mixed rate of bad food was lower, and the tariff rate imposed on the 
foreign food by the government was higher (lower) if the direct (indirect) effect of 
a change in the unit inspection budget to the tariff on foreign food overwhelmed the 
indirect (direct) effect. We also revealed that the equilibrium values of the mixed 
rate of bad food and the tariff rate on foreign food were never affected by the degree 
of consumer disutility caused by having bad food. Finally, we derived the optimal 
condition of the inspection level for home welfare maximization. 
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We considered the case where, under a given level of inspection cost, the home 
government determines the optimal tariff rate corresponding to a given rate of 
mixing bad food. Alternatively, we can suppose the case where, under a given tariff 
rate, the government determines the optimal inspection cost against a given rate of 
mixing bad food. In both cases, however, the relationship between the optimal tariff 
rate and inspection cost is the same since it is expressed by the balanced budget 
equation (10.8). Therefore, regardless of the case we consider, we reach the same 
results. 

Although we selected the tariff policy in order to finance the inspection cost, there 
is another way to finance the inspection cost, which is to use a fine levying policy 
where a fine is imposed on detected bad food. Even in this case, a similar result 
carries over. That is, for any given inspection cost and rate of mixing bad food, the 
optimal fine level is such that the total fine revenue equals the total inspection cost. 
A detailed analysis of this case is explored by Okimoto and Tawada (2016). 


Acknowledgements We thank Professor Makoto Okamura for a perceptive comment following 
which this chapter was greatly improved. We are also grateful to Professor Binh Tran-nam and the 
participants of the seminars at Hoa Sen University in Ho Chi Minh City and at the University of 
Asia and the Pacific in Manila. Madoka Okimoto gratefully acknowledges the financial support of 
a grant-in-aid for the basic research (A) #21243023 and for JSPS Fellows #23-3981 from the Japan 
Society for the Promotion of Science (JSPS), respectively. 


References 


Bhagwati, J., and B. Hansen. 1973. A theoretical analysis of smuggling. Quarterly Journal of 
Economics 87:171—-187. 

Bond, E.W., and T.-J. Chen. 1987. The welfare effects of illegal immigration. Journal of 
International Economics 23:315—328. 

Calzolari G., and G. Immordino. 2005. Hormone beef, chlorinated chicken and international trade. 
European Economic Review 49:145—172. 

Cardebat, J.M., and P. Cassagnard. 2010. North South trade and supervision of the social quality 
of goods from the South. Review of International Economics 18:168—178. 

Djajic, S. 1997. Illegal immigration and resource allocation. International Economic Review 
38:97-117. 

Ethier, W. 1986. Illegal immigration: The host-country problem. American Economic Review 
76:56-71. 

Japanese Ministry of Health, Labour and Welfare. 2014. Imported foods inspection services. http:// 
www.mhlw.go.jp/english/topics/importedfoods/index.html. Accessed 31 Sept 2014. 

Kemp, M.C. 1976. Smuggling and optimal commercial policy. Journal of Public Economics 
5:381-348. 

Martin, L., and A. Panagariya. 1984. Smuggling, trade, and price disparity: A crime-theoretic 
approach. Journal of International Economics 17:201—217. 

Mitsubishi Research Institute. 2008. Investigation on inspection systems of imported food in 
various foreign countries (in Japanese). Report of Mitsubishi Research Institute http://www. 
mhlw.go.jp/topics/bukyoku/1yaku/syoku-anzen/kaigai/dl/O1.pdf. Accessed 21 Oct 2014. 

Okimoto, M., and M. Tawada. 2016. A game theoretic analysis of food trade with a fine policy on 
foreign wrong food, Mimeo. 


Chapter 11 

International Price Competition Among Food 
Industries: The Role of Income, Population, 
and Biased Consumer Preference 


Madoka Okimoto 


Abstract Sensitivity to prices among poor citizens means that a hike in food prices, 
as a burden on consumers, hinders the adequate supply of inexpensive food and 
worsens food safety problems caused by low-priced food. This chapter theoretically 
studies the impact of economic growth with demographic transitions and food 
safety on food prices, providing a background for policies to protect consumers. 
The results imply that the sources of food price hikes are (a) economic growth, (b) 
population growth accompanied by an expansion in the income gap, (c) remarkable 
population growth in the past, and (d) deterioration in the safety of foods made in the 
South. In the North, (d) is the most important factor; additionally, (a) and (b) in the 
South would affect global food prices, while food price hikes are inseparable from 
economic advancement in the South. Accordingly, guaranteeing the food safety of 
Southern foods leads to stable food prices in the North, whereas as long as economic 
advancement in the South continues, encouraging policies that artificially promote 
stable food prices and ensure food safety will be needed for both developing and 
developed countries. 


Keywords Food security * Food price hike * Price competition ¢ Income distri- 
bution ¢ Population growth ° Bounded rationality 


11.1 Introduction 


Since 2006, the international price of grain has clearly been trending higher 
compared with the period between 1970 and 2006.' What causes international food 
prices to become higher and unstable? Academic research exploring the source 


'See “Ministry of Agriculture, Forestry and Fisheries,” http://www.maff.go.jp/e/index.html 
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of food price hikes has begun in earnest because of this change. Baek and Koo 
(2014) empirically found that the exchange rate is a significant factor influencing 
US food prices. Yu (2014) also empirically found that food prices tend to decline 
in response to monetary expansion in China. The source of this type of a price hike 
has been considered to be, for example, abnormal weather conditions caused by 
environmental pollution in food-exporting countries, a sudden rise in energy prices, 
and rapid growth in the global population. 

To examine food price hikes from a slightly different angle, it is worth analyzing 
how the recent global population movements and the expansion of the income 
gap that come with economic advancement have affected food prices. In 2011, the 
United Nations Population Fund forecast that by the end of the century, the world 
population would exceed 100 billion and that the African population would increase 
threefold to approximately 36 billion, while the Asian population would continue 
to increase until 2050 and thereafter decrease.” In various countries, the rise in 
the population of those in poverty has also become a serious problem in recent 
decades. Hence, taking account of theories related to demographic transition that 
express how economic growth influences the population, such as those promulgated 
by Stolnity (1964), Leibenstein (1974), and Becker (1960), we develop demand 
functions affected by changes in the social structure and incorporate those changes 
in an international Bertrand competition model for food industries, with the goal of 
capturing the price determination. 

In a transitioning economy, the key issue is that soaring food prices force the 
poor to select low-priced food, e.g., food made in the South (developing countries), 
although Southern food may be questionable with respect to safety. Food price 
hikes are likely to hinder the adequate supply of low-priced food that nourishes 
the poor together with possible health hazards. Hence, our model considers a food 
firm located in the North and a food firm located in the South and describes 
the market of a country where both risky food made in the South and safe food 
made in the North are provided. On this point, the most closely related research 
is that of Cardebat and Cassagnard (2010), who assumed Bertrand competition 
between the Northern and Southern firms and asymmetric information about the 
production process in the South and analyzed the exclusion of problematic Southern 
goods by the Northern government. In Cardebat and Cassagnard (2010), however, 
Southern goods did not represent a possible health hazard. Calzolari and Immordino 
(2005) also investigated international trade in innovative food subject to uncertain 
health effects and described governments’ decisions related to food safety through 
a learning process with its solution concept, the perfect Bayesian equilibrium. 
However, we owe the simple explanation of the food price hike under some risks 
to Nash equilibrium, as our model is not defined to analyze governments’ decisions. 
Becchetti et al. (2014) theoretically investigated the conditions under which a firm 
switches from price competition to price and CSR (corporate social responsibility) 
competition, e.g., in the market for organic food. Thus, the Becchetti et al. (2014) 


“See United Nations Population Fund (2011).” 
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model has many points of resemblance to our model but retains an interest in 
corporate behavior. 

What makes the problem of food safety more serious is consumer behavior. In our 
model, consumers are distributed based on income, and lower-income individuals 
are less sensitive to health damage. Examining the effect of income on behavior in 
the context of choosing differently priced healthcare plans by low-income families, 
Chan and Gruber (2010) empirically insisted that higher-income individuals were 
not more price sensitive and that those who selected the lowest-cost plan were 
more price sensitive. Although Cawley and Ruhm (2011) provided an overview 
of risky health behavior and showed that income could either increase or decrease 
unhealthy behaviors, how income affects behavior should depend on the situation, 
and our setting in which income promotes health consciousness is considered as 
more appropriate. Among the vigorous discussion on bounded rationality, e.g., 
Herbert (1984), Gruber and K6szegi (2001), and many others, it is also important to 
note that McDermott et al. (2008) suggested that people could be harmed by their 
inherent preferences for certain foods, which would prove the existence of factors 
that divert our attention from food safety. 

In Sect. 11.2, we define our model of income and population. In Sect. 11.3, we 
determine the demand functions and a game between food industries, completing 
and closing the model. With the full model in hand, Sect. 11.4 analyzes the nature of 
food prices. Section 11.5 presents the conclusions, while the Appendix A through C 
report detailed calculation processes. 


11.2 Model of Population Changes, Food Prices, and Food 
Safety 


We consider the world economy composed of the North and South. Because income 
level and health awareness differ from person to person, it is natural to imagine 
that food product choices are differentiated and tailored. Hence, in the model, a 
representative Northern firm (N-firm) in the North produces Northern food (N- 
food), and a representative Southern firm (S-firm) in the South produces Southern 
food (S-food). Both types of food are provided for the world market and appear 
easily distinguishable from each other. The problem we set is that the consumption 
of S-food may cause health damage, but there is a demand for S-food because its 
price is sufficiently low. Hence, we discuss at what levels the prices of these two 
types of food are determined in the food market according to how consumers react 
to health damages. First, we define the basic quality of food common to both types 


>Using 2008 data based on population subgroups stratified by family income, race, and so on 
from the National Health Interview Survey (NHIS), Cawley and Ruhm (2011) showed empirical 
evidence of the existence of disparities in health behaviors across subgroups. 
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of food and the extent of health damage as g and D, which are to be given and 
constant. 


11.2.1 Consumers and Health Awareness 


Let us consider two levels of utility for consumers that depend on g, D and each 
consumer’s personal income level. Namely, the utility obtained from one unit of 
food is expressed as 


U (q, D; I1) = U! (q) + U? (D; I) = J/g + (1) D 


Jd for safe food 
= | -1,D for unsafe food 


for the whole consumer. Here, J; denotes the personal income level of consumer 
i, and we suppose that all the N-food and (1 — m) percent of S-food are safe food 
with q > 0 and D = 0, while m percent of S-food is unsafe food with D > 0 
and q = 0. As the comprehensive utility, U (q, D; I;), is measured by both U! (q) 
and U? (D;1;), the concavity of U' (q) = ./q implies that each consumer is risk 
averse, and U? (D; I) = (—J;) D expresses health awareness, which depends on 
personal income level and diminishes in proportion to the extent of an individual’s 
poverty. That is, this formula of utility is based on the cardinal behavior for food 
consumption: (1) when the value of health damage, D, is positive, the basic quality, 
q, no longer makes sense; (11) behavior related to food consumption is risk averse; 
and (111) lower-income individuals are less sensitive to health damage. 

For consumer i with J;, the difference between the utility and the price of the 
corresponding food gives two consumer surpluses: 


CS S70 =p (11.1) 
CS? = (1 — m) /q—ml,D — p°. (11.2) 


Here, p (j = N, S) denotes the price of j-food. Comparing two levels of 
consumer surplus, consumer i chooses N-food or S-food and demands at most one 
j-food (j = N, S). Next, we suppose that consumer i has an incentive to purchase 
a food if the consumer obtains a nonnegative consumer surplus by purchasing that 
food: 


CS‘ > 0 & /q—p” = 0, (11.3) 


a-m- . 


CS? > 0 <% 
mD 


A (11.4) 
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We also suppose that consumer i prefers and chooses the type of food that gives 
the consumer a higher consumer surplus. Accordingly, the income level of marginal 
consumers is expressed as 


p-p -m4 


CSY = CS $ 1; = 
mD 


(11.5) 
As for Eqs. (11.3)—(11.4), we note that both types of food are provided only after 
Jq = p™ and /q > p° are ensured. In addition, if p“ < p° holds, not only 
would CS” > CS? hold for the entire consumer, but also, with regard to Eq. (11.5), 

Nae . 
E would be negative. Thus, to focus on the circumstance that both types of 
food are provided, we set 


Condition 11.1 /g > p > p°. 


Under Condition 11.1, all consumers can obtain a consumer surplus from N-food, 
; . 1— —p> 
while only the poor can obtain a consumer surplus from S-food. Last, sana 
N pS —pN 
ie a = ver > 0 concludes that the income level where the incentive to 
purchase S-food vanishes is above the marginal income indicated by Eq. (11.5) as in 
D = mya 


S 
mD 


Fig. 11.1. Consequently, we define the threshold of the demand as 


11.2.2 Link Between Population Growth and Income 


For a country, we suppose that u denotes the income level of the country and 
g denotes the income gap of the country so that u — £ represents the bottom 
income and u + § represents the highest income. We also assume that consumers 
in the country are distributed continuously according to the level of J; over 
[u—§ p+ £| where y — § > 0 and u + § > 0. While u and g are largely 


S20 





0 70 (1-m)q?- ps L 
mD 


Fig. 11.1 Threshold of demand over the personal income level 
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determined by industrial development and cyclical economic changes, we consider 
u and g as given for simplicity. 

In addition, as in Stolnity (1964), Leibenstein (1974), and Becker (1960), at the 
outset of economic growth, a general rise in jz causes the rate of population growth 
to increase, after which the rate of increase begins to fall at the maturation period 
of economic growth. This is based on the fact that as a rule of thumb, the higher 
u grows, the lower the birth rate gradually becomes and the lower the death rate 
drastically becomes. Accordingly, a country’s population will tend to rise in most 
of the South’s developing countries, while many advanced economies are faced 
with a reduction in the population. Taking the above, we develop a function that 
characterizes the population in each level of J; as 


xy, if0<i<1 


L(I) = 3 - 
i) L-y, if <I, 


(11.6) 
where x > 0 and y > 0. Because we disregard other factors that may affect 
the population, L(0) = O holds. Note that L is not the highest income level. 
Hence, according to the given u, g, and L (/;), the total population of the country is 


£E 
determined by TL (u, g) = me: L (I;) dI. 
2 
Here we suppose that if u — < IP < u + Ẹ < I holds, the country is a 
Southern developing country, whereas if J7 < u — £ < IP < u + È holds, the 
country is a Northern developed country. Hence, as in Fig. 11.2, TL (u, g) in the 


South and North is expressed as 


£ +È 
TL South — wr? I; dI: — 1 P ove — 
(u, g) = (x i) 1 — z~ i E XUE, 
u—$ u— 


Noo 


: _ I 
(L — yl;) dl; = Gi — z] = (L— yu) 8. 


a 


g 
b+ 5 


TL North (u, 2) = J 


u—3 


S N ; ; 
Note that oT ie) > 0 and STE Aes) < 0 means that economic growth in a 
Southern (Northern) country makes the total population increase (decrease), while 
in i > 0 (j = N, S) arise in g indicates population growth with an expansion 
of the income gap. 


11.3 Timing of Game 


To clearly analyze the equilibrium food price, we assume Bertrand competition 
among N-firm and S-firm in the food market in one country where both types of 
food are provided as in Fig. 11.3. In the model, said country may be one of two 
types: (1) a developed country in the North or (11) a developing country in the South. 


11 International Price Competition among Food Industries 187 







(Li) Demand Demand 





for N-food for S-food 
| Demand 


| for N-food 






Demand 
for S-food 


0 if 


p'-g/2 I® p+g/2 I p"-g"/2 170" y"+g"/2 


Fig. 11.2 Population growth and income (Note: Even if the foods provided in the North are 
identical to those provided in the South, stronger food safety standards can reduce the ultimate 
level of m and D in the North and cause 71”? in the North to be above 7P in the South) 
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Fig. 11.3 Intestine food market 


The reason we distinguish among two types of countries is that the demand in the 
South differs from that in the North. 


11.3.1 Demands and Producers in the Case of a Developed 
Country in the North 


Because we have already modeled how consumers are distributed and the location 
of the threshold, the demand functions of j-food (j = N, S) in a Northern country 
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are expressed as follows: 


ae 
I 


=L(u+Ž) : ( +E) (11.7) 
=L(u+5) -pt5 . 
2 
_|7 (Meena) _ 1 ("sma 
mD z mD ' 
JTP 


5 (11.8) 


[iD] 


Here, x (j = N, S) denotes the demand for j-food (j = N, S). Hence, the decision- 
making actions of N-firm and S-firm under Bertrand competition are displayed as 


2 mD 


2 
-1(--= 1) -p (m) 


noa =(p" — d) xĂ, 


max 7° = (p° = 0°) x, 


where x” and xê are characterized by Eqs. (11.7)—-(11.8) and c’ (j = N, S) expresses 
the unit cost for the food production of j-firm (j = N, S). Then, we obtain F.o.c.s as 


t(n+$)-p +8) -[2(= 4) -p (Es) 


N_N N_ 1S __ 
»2 =") i+ (7 n/t) =0, (11.9) 


p (Poe ama) _ 3, (or mA) 17 (y8)-4y(u-$)] 


m in -y (1) = 0. (11.10) 


mD 
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In this argument, we set the condition that guarantees S.o.c. of N-firm as 
e,e = p` —p$—m sq N_N 
Condition 11.2 L —y (3) -y (25S) > 0. 
N_pS— E 
Hence, we obtain oT = -5 12 E — y (=) — y (55) < 0. 


Likewise L — y (= TÀ A = L — yl’ > 0, which should hold to construct a 





plausible analysis, demonstrates oe < 0. Additionally, the slopes of the reaction 





= a N 
p\—p?—m./q pN —N 
L=y mD E mD 


> 0 and 





functions for j-firm (j = N, S), or aa 


_ PE) 











dp™ : ; 
als Z O r E > 0 provide the strategic complementary 
Wa H(A) 
; ae n pN N , . 
relationship so that the stability condition, 5 > a > 0, is satisfied (See 
5 N 
Appendix A.). 


11.3.2 Demands and Producers in the Case of a Developing 
Country in the South 


The demand functions of j-food (j = N, S) in a Southern country are expressed as 
follows: 


ut 1 2 1 N—p-—m i 
XV = J (xI;) dl; = =x (u =a =) es, (pee (11.11) 
JTP 


2 2) ~ 2 mD 
jp N Ss 2 
ji -p° -m l 2 
xS = J (xh) dl; = 5x (=) — 5x (u — 4 l (11.12) 
u—$ m 


Here, XÍ (j = N, S) denotes the demand for j-food (j = N, S). The decision- 
making of N-firm and S-firm is also displayed as 


max” = (Pi =e") x", 
PN 


max m° = (P5 — c’) X. 
PS 


where X^ and X’ are characterized by Eqs. (11.11)-(11.12) and c/ G = N, S) 
expresses the unit cost of j-firm’s food production (j = N, S). To distinguish the 


price in the South versus the North, we capitalize the price in the case of the South 
as Pi G = N, S). Subsequently, we have F.o.c.s, the reaction functions of N-firm 
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and S-firm from the top, as 


1 +8) L (PY -Pi-myq\_ (PY —c%) (PX - PS -mja =0 
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(11.13) 
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(11.14) 
Here, we utilize the reduced form of Eq. (11.14), which provides ( nA) 
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0 and JPS r = C24) > 0, show that the stability condition, 
mD mD 
dPN dPN : i i 
aP5 |. > IPS |y > 0, is satisfied (see Appendix A.). 








11.4 Comparative Statics 


As shown in Fig. 11.4, the equilibrium prices in a Northern country are characterized 
by Eqs. (11.9)-(11.10) and denoted by p* (} = N, S) from this point forward. 
Likewise, for a Southern country, the prices at the equilibrium are characterized 
by Eqs. (11.13)-(11.14) and denoted by P’* (j = N, S) from this point forward (see 
Appendix B for the calculation process of the comparative statics, and see Appendix 
C for the derivation of the natures of reaction functions). 


11.4.1 Population Movement 


In the model, the higher level of x (of y) corresponds to the higher growth rate 
(the more serious negative growth rate) of the population, and the higher level of L 
denotes the later timing at which the population takes a downward turn. Because the 
results with respect to L and y are LL > (<) 0 and a < (>)0 G} = N, S), if the 
values of g, c™, and c’ are sufficiently high (low), a ‘he result with respect to x is 
ap = 0 (j = N, S), we reach 
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Fig. 11.4 Bertrand equilibrium prices 


Theorem 11.1 J) The population growth rate in a Southern country is not related 
to food prices. II) In a Northern country, if the country’s income gap and the 
production costs for a Northern and Southern firm are large and high, (i) as the time 
when the population reaches the turning point grows later, the price of Northern 
and Southern food rises, and (ii) as the negative growth rate of the population 
accelerates, the price of Northern and Southern food falls. 


First, (I) is obtained because there is no direct effect on the price, and firms do 
not heed the population growth rate in the South. Comparing the demand functions 
in the Northern case with those of the Southern case, we find that after the economy 
experiences a transformation in the properties of population growth, the population 
growth rate begins to influence the food price. This implies that historical changes 
in population and demand affect the current level of demand and that the growth 
rate does not affect food prices in the South because the South’s population has not 
reached the population peak. 


As to (II), the direct effects are obtained as ae > 0 and g <00 =N,85S), 


if the values of g, c™, and c$ are high and have a decisive influence on the result. 
Although the plausible result concerning a Northern country stated in (II) can be 
reversed by a smaller income gap and operating at lower costs, which implies lower 
prices, the reversed result is counterintuitive and can be an exception corresponding 
to prices that are too low. Accordingly, (II) implies that, in a Northern country where 
population growth has been high in the past and which still has a certain number of 
people, food prices can remain at high levels. 
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11.4.2 Economic Growth and Income Gaps 


With respect to m, the result for a Northern country is o` > (<)OG =N, S) if 
the values a a and cf are sufficiently low (high), while the result for a Southern 
country is “— > (<)0(j = N, S) if the values of g, c™, and cù are sufficiently high 
(low). Hee. n rise in u means a rise in a country’s income level. Taking these into 
account, we have 


Theorem 11.2 For a Northern (Southern) country, economic growth raises the 
price of both Northern and Southern food if the production costs of Northern and 
Southern firms are low (if the income gap of the country and the production costs 
for Northern and Southern firms are large). 


As for Theorem 11.2, from the direct effects, g > 0, g < 0, a > 0, and 
ap < 0, it is said that economic development increases general affluence, increases 


the ratio of rich (who have a preference for safer food) to poor, prevents more people 
from demanding questionable, low-priced food, and induces N-firm to want to sell 
safe food at a higher price and S-firm to attempt to sell questionable food at a lower 
price. At the same time, the indirect effect through the strategic complementarity of 
price competition makes the price of N-food lower and the price of S-food higher. 
This strategic pricing disturbs the consumer psychology regarding obtaining safer 
food and makes the direction of price change unclear. 

Additionally, what transmits a price hike in safe foods to questionable food and 
causes the increased price of questionable food is (1) in the North lower production 
costs, which imply lower prices, and (11) in the South higher production costs, which 
imply higher prices and a large income gap. This implies that in the North (South), 
where a decline in population (a growth in population) will be sustained owing to 
economic growth, a hike in food prices is caused by economic growth because prices 
were originally low (because of the high cost of production). 


With respect to g, because the results are w > 0 and a” > 0 (j= N,S) and 


a rise in g means population growth accompanied by the expansion of the income 
gap, we arrive at 





Theorem 11.3 Regardless of whether the country belongs to the North or South, 
population growth accompanied by an expanding income gap increases the price of 
food made in both the North and the South. 


Theorem 11.3 is caused by the direct effects dp > 0 and Z > 0 G= N, S) 
and is likely a consequence of population srowih. The reason i this result is the 
constant level of jz despite the expansion of the income gap or the stable income 
level of the country. 
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11.4.3 Health Hazards 


With respect to m ane D, the effects on the price of N-food are aa > 0, a 


“dm ? dm 
N* . ; . 
0, a > 0, and “— > 0. Likewise, the as on the price of S-food are ap < 


d 
(>) 0, aa < (>)0, ap < <0 and < ia < (>)0, if p’ is low (high) enough 
that the difference between p™ and p’ is sufficiently large (small). Accordingly, we 


arrive at 





aD 


Theorem 11.4 Regardless of whether a country belongs to the North or South, (I) 
A rise in the probability or the extent of health damage raises the price of Northern 
food. (II) A rise in the probability or the extent of health damage reduces the price 
of Southern food if there is a large price difference between Northern food and 
Southern food. 


First, the A ene in a Northern country are 2 > 0an nd $ > 0, although 
the signs of & > and ~ are unclear, and the direct ee ina D country are 


a 0, ip. 0, ap” > 0, and dr < 0. This implies that an increase in health 
hazard essentially makes people prefer safe food; N-firm sells safe food at a higher 
price, whereas at least in the Southern case, S-firm sells questionable food at a lower 
price. Thus, a hike in the price of safe food seems to reflect those plausible direct 
effects; a hike in the price of questionable food is likely based on the indirect effect 
of the strategic complementarity that makes S-food high priced. In addition, a higher 
price of S-food that corresponds to a smaller price differentiation may be based on 
a lower health hazard, leading to a more complementary relationship between both 
types of food. 


Finall dp” dp™* 
y, with respect to q, the results are —— > 0 < 0, a 0, and 


dq d caki 
adp>* 


a 0. Subsequently we find that 


Theorem 11.5 Regardless of whether the country belongs to the North or the South, 
a rise in basic food quality increases the price of Northern food and decreases the 
price of Southern food. 


Theorem 11.5 reflects the direct effects, &— > 0, a <0,“ > 0,and & a < 0, 
whereas the indirect effects through P compe augn i small and of little 
importance. In other words, although the basic quality of food bears no relationship 
to health hazards prima facie, it influences food price as if it were an index of safety. 
The assumed reason for this is that basic quality is one attraction for the consumer 
who chooses safe food, whereas this factor is less important for the consumer of 


S-food, who prefers cheaper goods. 
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11.5 Policy Implications 


National income levels are variously involved in the domestic food market, and 
personal income levels also affect individuals’ food preferences. Typically, the poor, 
who tend to be sensitive to food prices, are apt to disregard and be exposed to 
health hazards that can be caused by low-priced food. Even if low-priced food brings 
safety problems, however, this food fills the important role of nourishing the poor at 
low prices. Hence, an extreme policy, such as the policy by Northern governments 
that excludes low-priced food made in the South, is considered unsuitable from the 
viewpoint not only of the spirit of the WTO and diplomatic relations but also food 
security. Accordingly, food price hikes are one frequently occurring factor with a 
significant effect on the food market as a burden on consumers and are likely to 
hinder the full supply of low-priced food and/or exacerbate food safety problems 
caused by low-priced food. 

This chapter theoretically studies the impact of economic growth coupled with 
demographic transition and food safety on food prices. The results of our analysis 
show that the sources of food price hikes are as follows: (a) economic growth 
and (b) population growth accompanied by the expansion of the income gap (see 
Theorems 11.2 and 11.3), regardless of whether a country belongs to the North or 
South and whether the safety of said food is guaranteed or problematic. We also find 
that (c) remarkable population growth in the past contributes to soaring food prices 
(see Theorem 11.1). Moreover, it is revealed that regardless of whether a country 
belongs to the North or South, (d) the deterioration in the safety of foods made in 
the South increases the price of safe food made in the North (see Theorem 11.4). 
We must also take note of another side of (d), however, namely, that it may reduce 
the price of problematic foods made in the South. 

Here, it is supposed that hikes in food prices in the South are essentially caused 
by (a) and (b), suppressing the lives of people. This is because, on the basis of 
Kuznets’s inverted U-curve hypothesis, the income gap expands at an early stage of 
economic development, as experienced in China and India in recent years, and does 
not begin to shrink until a later stage (see Kuznets (1955)). We can thus consider that 
(a) (economic growth) triggers (b) (the expansion of the income gap with population 
growth) in the Southern countries. Namely, it is said that in the South, food price 
hikes are caused by the process of economic development itself. In addition, it is 
said that because Southern countries have many poor people, an increase in the 
difference in price between safe food and problematic food, which can be caused by 
(d), causes more harm to the poor and aggravates the problem of food security and 
safety. 
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Likewise, it is supposed that food price hikes in the North are basically caused by 
(a), although (c) is also a cause of high food prices. However, negative population 
growth tends to cause food prices to fall. Then, as for Northern economies that 
shifted from a period of high growth to one of stable growth, at the point when their 
populations pass their peaks and begin to decline, the effects of (a) and (c) on food 
prices are weakened and considered to be moderate and/or unstable. In contrast, (d) 
will become a notable cause of food price hikes for wealthy Northern individuals, 
many of whom have a preference for safe food. 

Based on the above considerations, we argue that certain types of political 
support are better suited to maintain stable food prices, food security, and food 
safety. First, in the North, because the effect of (d) on food prices is less 
ambiguous compared with the effects of changes in the population and income 
levels, Northern countries should consider policy supporting sanitary supervision of 
the food industry in the South, including technical assistance, management support, 
and so on. Likewise, from the perspective of (d), enforcing policies that prevent the 
expansion of health damage in the Northern domestic market is likely to be effective: 
e.g., “monitoring at the border and the distribution channel” and “introduction of 
a certification system which promotes food producers’ sound operation.” That is, 
guaranteeing food safety with high reliability brings about stable food prices. Of 
course, this also holds true for the policies of Southern governments. 

Here, we must note that in our model, the consumers are located in only one 
country (a Northern country or a Southern county) for simplicity. If we model the 
world economy in which both types of countries have consumers, the results would 
show that economic growth and demographic transition in the South affect food 
prices in the North or global food prices through corresponding demand functions. 

Unfortunately, as above, food price hikes are inseparable from economic 
advancement in the South. Subsequently, there may be no sweeping countermeasure 
that can combat price hikes in view of economic and population growth coupled 
with the expansion of the income gap of the South as long as these phenomena 
continue. Encouraging policies that artificially lead stable food prices and ensure 
food safety from the viewpoint of consumer protection will play an important role 
in improving the problems that accompany food price hikes caused by those factors, 
especially in Southern countries. 

In terms of the details of such policy support, government regulations concerning 
food prices and business support appear to be helpful, although governments must 
take care in their handling of such policies. For example, Mariano and Giesecke 
(2014) examined the policies of “a ceiling on prices paid by rice consumers,” “a 
floor on prices received by paddy producers,’ and “a subsidy on prices paid for 
seeds by paddy farmers” and found that those programs made a small contribution to 
food security for a modest budgetary outlay. Second, a policy that does not require 
significant additional government spending, such as a flexible reduction in tariff 
rate on a food product that faces the price hike, can be considered. Third, because 
personal income levels strongly mediate food purchasing behavior, as described 
above, if the government implements a public assistance and social security system 
that reflects the extent of the food price hike, the problems accompanying the 
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food price hike can be mitigated, especially in Southern countries with larger 
impoverished populations. Specifically, such a policy that links the level of income 
support or consumption tax rates to a surge in food price can guarantee hygienic 
demand for food for the poor. 
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Appendix A: Stability Conditions 
A.1. Case of a Developed Country in the North 


Thanks to Condition 11.2, the sign of the stability condition is obtained by 
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Appendix B: Comparative Statics 


B.1. Case of a Developed Country in the North 
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Taking Condition 11.2 into account, we have 
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If the values of g, c™, and cù are sufficiently high (low), the results with respect to L 
and y are as follows: 
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If the values of c™ and cù are sufficiently low (high), the results with respect to u 
are as follows: 
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The results with respect to m and D are as follows: 
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B.2. Case of a Developing Country in the South 
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and c° are sufficiently high (low), the results are as follows: 
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Appendix C: Nature of Reaction Functions 


C.1. Case of a Developed Country in the North 
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C.2. Case of a Developing Country in the South 
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